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r^TTRODrClTOX 

This work IS an analt'sis of the dinical manifestafaons and patho- 
logical nndings in cases of intracranial berrv- aneuri-sms seen over the 

1 
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elcA en-} ear period trom Januar\* 192S to December 1938 As these 
cases illustrate the t\ ide a ariety ot clinical manitestations of aneuri’s- 
nial haemorrhage and pressnre, we are considermg many aspects ot 
tlie disease but w ish to discuss more particular!}- (1) the clinical and 
pathological teatures ot intracerebral haemorrhage trom aneutysms 
and (21 the prognosis, diagnosis and treatment m cases of ruptured 
berr} aneur\sms 

For nearly a century aneur}-sms ot ceiebral arteries have been recog- 
nized and described pathologically As early as 1866 Lebert men- 
tioned some ot tlie clinical manitestations The occurrence ot 
apoplectic attacks and pressure signs from sucli aneurAsms was 
spoken ot by Bartholow m 1872, GoAA'ers, 1893, Beadles, 1907, and 
others HowcA-er, tlie diagnosis of intracranial aneur} sms duniig hte 
seems to liaA-e been A-ery rare until recent years The papers of 
SAmonds (1923 and 1924) awakened interest in the clinical sAndrome 
of spontaneous subarachnoid haemorrhage, winch he recogmzed as 
usual!} being caused b} ruptuie of aneurysms Since then there haA e 
been man} A-aluable contributions to our clinical knoiA-ledge ot leaking 
aneur} sms (Parker 1926 BramAAell 1934, Schmidt, 1930, Ayer 1934, 
and mail} others) The recognition ot large aneurysms causing local 
pressure SA-niptonis lias been facilitated b} X-ray (Sosinan and 4'ogt, 
1926) b} angiograph} and by tlie increased trequenc} ot intracranial 
operations Albright 1929 Jefierson 1937, and McKhnne} , Acree 
and Soltz 1936 haie described many ot the local pressure efiects 
and there liaA e been seA’eral isolated case reports of large unruptured 
aneur} sms In spite ot the A’oluniinous literature on tlie whole sub- 
ject ot intracranial aneur} sms howeier there remain man}- gaps m 
our knoAA ledge ot the aetiology, patliolog} and clinical manifes- 
tations 


Makrial Sliidicd 

The clinical material upon which this report is based consisted ot 
ot the tollowmg cases seen in the wards ot the Toronto General Hos- 
pital trom the }ears 1928-1938 inclusiAeh US cases ot spontaneous 
subarachnoid haemorrhage, 8 cases ot large unruptured aneur} sm 
Ot the 118 cases ot spontaneous subarachnoid haemorrhage there 
AAcre lilt}-seAcn surAiAors and sivtA-one tatal cases In the small 



INTRACRANIAL AXECRLSUS 


O 


group of large unruptured aneuiN'sms there vrere four survivors and 
four fatal cases In re^■le■^nng the cases of spontaneous subarachnoid 
haemorrhage clinicall y it rvas jwssible to determine the present status 
of thirtN'-seven of the simnvors in 1938 one to ten \ ears after their 
attack 

The pathological obseiA'ations were made m the Drnsion of Xeuro- 
patholog}' of the Umversiti* of Toronto imder the direcnon oi Professor 
E A Lmell to whom we are greatly mdebted for assistance The 
pathological matenal consisted oi thirU'-three latal cases of subarach- 
noid haemorrhage and four fatal large unruptured anemysms For 
completeness nme additional cases of unruptured aneurv’sm found 
madentaUy at autopsy with no known si.Tnptoms durmg hie were 
also studied 


PATHOLOGICAL OB5ERVATIOX5 
Acf:o?ogy of Sponfaucoits SvbaracLmsd HacviOrrLagc 

In emploATng the term spontaneous subarachnoid haemorrhage 
we wish to denote non-traumatic haemorrhage occumng pnmanly 
mto the subarachnoid space The anatomical and chemical aspects 
oi subarachnoid haemorrhage were admirably expoimded in the mono- 
graph of From 1904 He spoke of (11 cerebromeningeal haemorrhage 
m which a pnmanly mtracerebral haemorrhage ruptures mto the 
subarachnoid space (21 pnman,- subarachnoid haemorrhage — the 
bleedmg ongmatmg from a vessel m the subarachnoid space and (3) 
memngocerebral haemorrhage — that is a pnmaiy subarachnoid haem- 
orrhage with laceration and haemorrhage oi adiacent cerebral tissue 
Here we are not deahng with cerebromemngeal haemorrhage except 
m the differential diagnosis 4Iemngocerebral haemorrhage was con- 
sidered by From and by most wnters smce as a mmor bnusmg and 
erosion ot cerebral tissue We wish to present cases m which large 
mtracerebral haemorrhages occurred irom artenes m the subarachnoid 
space From made no contnbution to the cause ot pnmaiy- subarach- 
noid haemorrhage 2ilany more recent wnters have pomted out that 
ruptured aneurysms are the common cause of spontaneous subarach- 
noid haemorrhage though one frequently reads lengthy hsts of causes 
other than aneury sm — ruptured artenosclerotic artery purpura per- 
tussis acute miections and intoxications syphihs angiomata etc 
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In our expenence massive spontaneous subarachnoid haemorrhage is 
practical!}, alwa} s caused b}' rupture of an aneurj'sm 

Our actual findings m thirty-four cases of fatal subarachnoid haem- 
orrhage were as follows In each ot twenty-seven cases there w as found 
a ruptured berr} aneur 3 'sm In six cases the bleeding pomt was not 
found The other case was an arterial angioma of the cerebellum 
(a \oung man of twent 3 '-two who had suffered three pre\nous attacks 
of spontaneous subarachnoid haemorrhage) IMost of the cases, then, 
w ere pro\ en to be aneur 3 ’sm and the onl 3 ' other demonstrable causatn e 
lesion was the angiomatous malformation The six cases in which no 
bleeding pomt was determined deseri'e further consideration It is 
onh m the past six or seven 3 'ears that a careful dissection of the arteries 
in search ot the aneur 3 sm has been carried out m our cases The 
3 ear b 3 3 ear incidence is thus of mterest In the fi\ e 3 'ears, 1928- 
1932 there were nme fatal cases of spontaneous subarachnoid haemor- 
rhage m five of which aneuiy'sms were found, and in four (45%) 
the bleeding pomt was not detected (One specimen, which had been 
m a museum jar tor tiielve 3 ears, labelled cerebral haemorrhage, was 
dismounted and dissected m 1938, and a ruptured aneur 3 'sm of the 
anterior communicating arter 3 ' was found ) It is quite possible then 
that some other aneur 3 sms vere missed in the cases from the earlier 
3 ears of this senes In the past six 3 'ears, 1933-1938, autopsies i\ere 
performed on tv ent 3 -four cases of primaiy subarachnoid haemorrhage 
In tv ent 3 -two of these a ruptured aneuiy'sm was found, and in onh 
two ( 8 %) vas the bleeding pomt not discovered In both of these 
the \essels appeared health 3 ' In one the mam haemorrhage vas 
around the anterior communicating arter 3 ', and m the other around 
the right middle cerebral arteiy It is often \ eiy difficult to detect 
a small aneuiysm in a mass of blood clot so that ve suspect that an 
aneurv sm remained undetected in each of these cases 

Since ve ha^ e found aneur 3 sm in 90% of cases of fatal spontaneous 
subarachnoid haemorrhage m vhich a careful examination of the ^e^- 
sels vas made ve feel justified in the assumption that practical!} all 
of our sur\'i\'ing cases of spontaneous subarachnoid haemorrhage are 
due to aneurv sm It is true that angiomatous malformations ma\ be 
the aetiological xascular defect on rare occasions, but ve ha^e not 
\anfied an} of the other mentioned causes, such as s 3 'philis and 
arteriosclerosis 
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Pathological Types of I iitracramaJ Aneurysms 

Tiiree tA-pes of aneun-sms of cerebral artenes are desenbed by most 
authors — de\ elopmental m} cotic and artenosclerotic In Anew of m- 
complete proof and dissident aucats as to aetioIogA- these groups are 
not Avell defined Acute mycotic aneuiA sms are rare occurrmg durmg 
the course of an acute or subacute endocarditis They are small 
saccular aneurA’sms shoAAing marked mflammator}- changes and tend- 
mg to occur on the branches of the Circle of WUhs AveU out m the 
fissures or CA'en m bram tissue We haA-e not encountered any such 
aneurAsms m our senes Turnbull 191S found an unusuall}- high 
proportion of mycotic aneurA-sms In his senes of fortA--four mtra- 
cramal aneurA'sms fifteen Avere due to septic emboh (Feamsides 1916) 

Artenosclerotic aneurA'sms also are uncommon SeA'ere cerebral 
artenosderosis may produce elongated dilatations of the artenes of 
the Circle of 'Wilhs particularly m the basilar and mtemal carotid 
A-essels Such dilatation may be suffiaentlA great to Ararrant the 
term fusiform aneiUA-sm We haA-e encountered tiro such arteno- 
sderotic aneuiysms m the senes desenbed beloAv 

The A'ast majontA- of mtracramal aneurA'sms appear to be of one 
common tA-pe namely saccular aneurA'sms occurrmg m the angles 
lormed by bifiucation or branchmg of the artenes of the Cirde ot 
Wllhs or m the proamal course of its branches These haA'e been 
Aanously termed — ‘ congemtal dcA-elopmental , ‘'miharA' bi- 

furcation' and “beriA'” aneuiysms We haA'e preferred the purely 
descnptiA'e term Teny aneuiy'sm This tA-pe of aneuiy-sm AAuth 
lauh constant gross and microscopic appearances maA' be seen m a 
Avade range of ages though rarely m childhood and may be assoaated 
AAith healthy cerebral artenes or Avith A'aiy-mg degrees of cerebral 
artenosderosis The cause of berry' aneury'sms aa-JI be discussed be- 
loAV after a consideration of our pathological findmgs It is this 
common type of aneury'sm AArth Avhich Ave are concerned almost ex- 
dusiA'ely m this report 

There are a feAA- other less common types ot mtracramal aneuiy'sm 
TraumaPe artenoA'enous aneury sms m the caA'emous smuses usuaUy' 
foUoAv a fracture ot the cramal base and giA'e the charactensPc picture 
of pulsating exophthalmos Anth a loud cephahe bruit It is noAA' AceU 
knoAvn that sypluhs the cause of oA'er 90% of aneury sms elscAvhere m 
the body play's httle or no part m the tormation ot cerebral aneury sms 



6 


J C EICHAItBSOX .\XD H H HYLAXD 


There are one or two cases m the literature, however ot s}"phihtic 
aneur} sms ot the basilar arter\- The milian,- intracerebral aneur^ sms 
described b\ Charcot and Bouchard as tlie cause ot the usual capsular 
haemorrhage have been discredited b} Pick 1910 Ellis 1909, and 
others Green 1930 also showed that such nunute intracerebral 
aneurisms were reall\ onh false dissecting aneurisms of se\ereh’ 
arteriosclerotic vessels Beriw- aneun. sms ot cerebral artenes may oc- 
cur m cases ot coarctation ot the aorta (Woltman and Shelden 1927 
Baker and Shelden 1936) though we ha\ e not encountered an\ such 
cases here 

Pathological Examiuation of Intracranial Aneurysms 

Incidence and Sitt Forti cases with intracranial aneurysms ex- 
amuied pathologicalh mclude the twent} -seven cases ot tatal haemor- 
rhage trom ruptured aneurisms tour large unruptured aneurisms 
which had produced local pressure effects and nine cases ot bern 
aneurisms tound acadentli and wnth no known simptoms during 
hte These torti cases were encountered in 4618 autopsies an in- 
cidence ot 87% 4s the brain was removed in shghtli less than half 
ot these autopsies the actual inadence mai be considerabli higher 
\’arious authors hai e tound an incidence of from 5 to 1 5% (Fearn- 
sides 1916 — 44 in 5432 autopsies Osier 1930 — 12 in 800 Conwai — 
43 in 6232 Turnbull 1918 m 92% ot 4547 postmortem examinations 
ot the head) The ages ^arled trom twent\-one to eighth -nine with 
an a^erage ot fitt} jears There were eighteen males and twent}- 
two lemales 

The ancur\ sm occurred singh m thlrt^ cases In each ot se\ cn 
cases there were two aneurisms and there w'ere tliree cases which 
showed three aneuiwsms Thus there were altogether fift\ -three 
ancurvsms m the tort^ cases Two ot tliese were arteriosclerotic 
lusilorm aneurvsms ot the basilar arteiw (Fig 1) The remainder 
were bcriw aneurvsms and occurred at tlie ^a^ous angles ot bilurca- 
tion ot the \essels ot the Circle ot \Mllis or ncarb\ m their mam 
branches 

There were sixteen aneurisms of the middle cerebral artera in the 
Sahaan lissure at its hrst or second brandimg Thirteen ancurasnis 
aaere attached to tlie angles betaaeen the antenor cerebral and anterior 





8 


J C RICHARDSON AND H H HYLAND 


communicating arteries (One included here was formed m an anom- 
alous reduplication oi one anterior cerebral arter} ) Tlie next most 
common site was m the region of bifurcation of the internal carotid 
arter} where there were eleven aneurisms This area includes the 
\arious junctions of the carotid, middle and anterior cerebral and 
posterior communicating arteries The remaining aneuiY'sms were 
in relation to the following arteries basilar, si\, vertebral, three, 
posterior cerebral, two, and carotid, before its bifurcation, two This 
distribution of the aneuiw sms is shown more clear!} in the diagram 



Fig 2 Dr.\we,gs Shomtng the Location of Fittt-Three Aneurisms Found a.t 
Post Mortem ExAinNwiON 

A (Left ) Total senes fift\ -three ruptured and unniptured aneun sms 

B (Right) Tuenti-seien ruptured aneun sms, the majontj situated on the antenoi 
part of the Cirde of \\ ilhs 

(Fig 2 A) The twent}-sc\en aneurisms which had ruptured were 
distmcth more numerous around the anterior part of the Circle of 
Wilhs as shown m Fig 2 B 

The regional incidence in our senes is much the same as has been 
found bt \anous other writers — Gull 1859 Gowers, 1893 Beadles, 
1907, Schmidt, 1930 etc Three of the four large unruptured aneu- 
risms which presented themsehes clinicalh wnth tumour stmptoms, 
were situated on the basilar arter\ or at its junction with the tertebral 


arteries 
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Gross Appearance of Anciirysnis The size of the aneun sms m tlie 
present senes varied betv een the two extremes of a mmute sac three 
millim eters m diameter and a large dumb-bell shaped aneur} sm five 
centimeters m diameter The greater number were from four to ten 
millimeters m size and were evenh rounded o\ al or coarsely lobulated 
and were attached to the arterv at its point ot bifurcation by a short 
small neck The vaU of the sac, m most instances was thm and 
smooth resembhng the basal arteries In some cases the aneurxsm 
sac V as nodular and whitish due to arteriosclerotic tluckenmg The 
aneun. smal sac sometimes contained fluid blood but verx* often was 
almost entirely filled b} firm thrombus Complete thrombosis of 
the aneurism was particularly common m the larger ones The 
aneurism usually lay free m the subarachnoid space but m several 
cases was partly imbedded m the adjommg cerebral tissue This was 
particularly the case with anterior communicating aneurisms im- 
pmgmg on the medial surface of the frontal lobe middle cerebral 
aneurisms m the Silnan fissure and the aneuri'sms at the carotid 
bifurcation which tended to mdent the adjommg hippocampal uncus 
This compression and erosion of neighboiirmg tissue is a teature of 
importance in regard to intracerebral leakage and wdl be mentioned 
agam m that regard Aneuri-sms in relation to the large basal as- 
tems from the basilar, vertebral and posterior cerebral arteries are 
less liable to become nested m the cerebral tissues Pressure upon 
and adhesions with cranial nerves were seen m several cases which 
■Kill be desenbed further m the case reports 
The cerebral arteries appeared to be healtliv m eight cases In 
eighteen cases there was mild patcliv arteriosclerosis and m the re- 
maining fourteen cases tliere was severe arteriosclerosis In two of 
the cases with severe cerebral arteriosclerosis, there were fusitorm 
arteriosclerotic dilatations of the basilar arterj', m the others the 
aneur\-sms were of tlie same saccular tcyie as seen m the cases with no 
arteriosclerosis We tlunk it probable that tlie aetiology of the berr\ 
aneurysms was a common one and that arteriosclerosis was not the 
essential cause but probably only coinadental 
^Iicroscopic Appearance of Aneurysms Microscopic exammation 
of the aneurv sm sac was carried out in approximateh half ot the cases 
The usual findmg, and tliat which is generaUv described was a wall 
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composed entireh- ol fibrous tissue from the mtima and adventitia 
of the parent ^ essels vnth no emdence of media or elastic tissue In 
a few cases sectioned to mclude the neck of the sac, it was possible to 
show either an abrupt disappearance of the internal elastica and media, 
or a gradual thmnmg out of those laj'ers m the aneun sm wall (Fig 3) 
In most cases the mtima of the aneuri sm showed wregular, nodular 
fibrous and atheromatous thickenmg In some cases hnear streaks 



Fig 5 Sectiox through the Nech of \ Beret A^CEtrsTSi^ 

On the left is the parent t essel with ad\ entiua, media, elastica and shghtli thickened 
mtima The media and elastica end abruptlc m the neck of the aneun sm The 
aneun sm wall to the nght consists of a fibrous ad\ entitia and much thickened mtima 
Male, aged SO \t eigerf’s elastic tissue stam a- H &. E X30 

ot granular calcareous matenal could be seen m the deeper mtima 
Mmute extravasations of red blood cells and ot phagoctted blood 
pigment were Irequenth seen in the aneurvsm walls Frequently 
there were seen small roimded or linear foci ot inflammatory cells 
amongst the fibrous tissue of the walls These cells consisting chieflt 
of ly-mphoct tes with a tew plasma cells and monocy tes, and occasion- 
ally some polymorphonuclear leucocytes (Fig 4) were usualh seen 
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near the outer margin of the aneur\ sra wall This patch} mflamma- 
tor} reaction was in no case sufficient!} marked to suggest an mtective 
aetiology of the aneur}sm but is a finding of some interest The 
round cell infiltration -Ras usually not accompanied b} fresh or old 
haemorrhage It seems like!} that this reaction is purely a secondar}- 
or s} mptomatic mflammation but its exact cause is obscure MTiether 
it IS a reaction to haemorrhage mto the aneur\ smal wall or to stretch- 



fiG 4 High Power View or \\ of Lxrge Unrcfttred Vs-eur\sm of Basilar 

Arter\ 

The wall is fibrous with ad\ entitia to the right There is a dense infiltration of h-mpho- 
Gides and plasma cells m the outer ad\ entiUa (Case 9FT1 H&E X 140 

mg and tearmg ot the fibrous tissue we are unable to sa} In one 
case there was etudent considerable fibroblastic prohferation along 
irith round ceU mfiltration 

The frequent findmg ot small haemorrhages in the aneur} sm walls 
suggests that aneurysmal leakage and subaraclmoid haemorrhage 
might occur b} a gradual dissectmg process without necessarily sud- 
den Auolent eleyation of blood pressure This is in keepmg with our 
obsen ation that relatn el} tew of the patients suffered the onset of 
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s^Tnptoms during strenuous exerase The presence of mild arteritis 
and penartentis probabty explains the adherence to aanial nerves 
In tn o of our cases the third nen-e ivas imbedded m the wall of a 
carotid aneurism The occasional occurrence of a sudden thir d 
nerve parah sis without chnical endence of haemorrhage, might be due 
to a local neuritis m association with such an arteritis Such sugges- 
tions however, are purel}' speculative and it cannot be stated that 
our pathological findmgs really prove ani other explanation of sj-mp- 
toms than pressure and haemorrhage 



Fig 5 Pencil Sketch of llEccrrE Ixecrtsii op the Middle Cerebral Irtert as 
Seen with the Dissectinc Microscope 
It IS in the form of a transierse ndge across the bifurcation with a bulbous enlarge- 
ment at the upper surface (left drawing) Some gross arteriosclerotic thickening is 
shown 


Two cases of unusuaU} small unruptured berix aneur\ sms v arrant 
further mention One of these was at the first branchmg of a middle 
cerebral artery and the other was at the angle between the postenor 
cerbral and postenor commumcatmg artenes Each vas a minute 
outpouchmg of about 2 mm m diameter and might be considered a 
very earh stage of aneury sm formation The middle cerebral aneu- 
n sm is shown in Fig 5 as it appeared under the dissecting microscope 
It has a linear ndge-like shape bulbous and rounded towards the 
lower part of the bifurcation A whitish, thickened arteriosclerotic 
patch was present in one small area Serial sections shov ed the media 
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and internal elastic lamina to disappear at the margm of the aneur^'sm 
The "wall of the aneun. sm rvas made up of thickened cellular and fibrous 
mtima surrounded by a thm advenPtia (Fig 61 The thichened m- 
tima had the appearance ot the common artenosclerotic endarteritis 
One IS tempted to assume that a degenerative process m the media 
m relation to the arteriosclerotic mtimal thickenmg might ha\ e been 
the pathogenesis m this case Such an aetiologi" of hern.- aneurr sms 



Fig 6 Section thkocgh Anevrysh Shown in Figttre 5 
The media and elastic tissue disappear at the neck and the wall of the sac is composed 
^^'eutitia and greatlv thickened mUma Weigert s elastic tissue stam — H &: E 

has been suggested by Tuthdl Hovrever it is impossible to refute 
the possibihtt- that the mtimal thickenmg may hat e been secondart 
to a weakenmg of the media due to congemtal defect We do not 
feel that any conclusions can be drawn from exammation of this 
aneurt sm but it does show vert clearly the structure of a berrt- aneu- 
rt'sm at an early stage 

The second mmute aneuiysm had qiute a different structure Its 
wall was the same as that of a normal artert m that all coats media 
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elastica, intima and adventitia were clearh- present (Fig 7) It was 
found as a second aneun, sm m a case in which fatal haemorrhage oc- 
curred from rupture of an aneur^ sm ot the anterior commumcatmg 
arter} In this case there must have occurred a weakenmg, stretching 
and outpouchmg of the whole wall but certainl} not a congenital 
absence of media This is the onh aneuri, sm in which v e have found 



Fig 7 Section through the S\c of \ Shall Uvrcptured -Vn-eurtsu of the 
Posterior ComruNicATiNG -Vrtert in a oilan. Aged 49, M ho Died froh 
Rupture of a Larger Aseurasm of the A>terior Comhuvicating Artera 
The wall of the aneun sm shorni here is unusual m that it contains normal media and 
elastica H &. E X IS 

an intact media and elastica and it is probabh of the same ti-pe as 
described bt Busse (1921) and termed dehnungs aneurtsmen” 

Aetiology of Berry Aneurysms 

The cause ot berrt aneun sms is not entire!} clear though there is 
strong CAudence for the existence of deA elopmental imperfections of 
cerebral arteries, which probabh plaA some part in the formation 
of aneurAsms 

Eppmger (1887) suggested that basal cerebral aneuuAsms were 
congenital, caused by defects in elastic tissue Turnbull (1918) and 
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more recently Forbus (19311 demonstrated the presence ot local de- 
tects of the media of cerebral arteries at the apices ot the angles formed 
bv arterial branchmg or bifurcation Forbus’ detailed histological 
study ot artenal bifurcations is the most exhaustive pubhshed vrork 
on this subject He found local areas m which the media was com- 
pletely absent m the cerebral arteries of each of tn'eh e cases m which 
berr}’ aneuri'sms were present ^Moreover he found similar medial 
defects m the cerebral artenes of twenH-five out ot thirt\--three cases 
without berr}- aneur\'sms The positive cases m this group included 
as many children as adults and medial defects were found m one of 
two stdlbom mfants exarmned Arteries elsewhere m the body were 
studied m smaller numbers and defects were tound at bifurcations m 
two of rune coronaix' artenes and in two of rune mesentenc artenes 
Forbus also performed experiments by measurmg flmd pressures m 
glass models whereby he showed that sudden m creases m pressure 
were greatest at the pomts correspondmg with bifurcation angles m 
artenes The occurence of medial defects at cerebral arterx* biturca- 
tions m cases of beix}' aneuri sms has been co nfir med by other workers 
more recently (Strauss et al 1932 Schmidt, 1930) The case reported 
by Xe%m and IMlhams 1937 is of speaal mterest Death caused by 
by pentoneal haemorrhage was found to have been the result ot a 
saccular aneur\ sm of the splemc arten.- and m the same case bern,- 
aneurisms of cerebral artenes were present 2kledial defects were 
found at bifurcations m both cerebral and splemc artenes 

We have not as i et earned out a detailed study of artenal bifurca- 
tions but have exarmned cerebral artenes m a small number of cases 
On the basis ot these exammations we are convmced that medial de- 
fects do occur The matenal consisted of eight cases m one of which 
death occurred from a ruptured berr\- aneuresm of the anterior com- 
mumcatmg arten,' m seven cases no aneuresms were tound macro- 
scopically The ages were fifteen twenti'-one thirti'-eight forti'- 
three, sixty-four sixti -seven, seventy-one and seventy-two years 
In each case either the basilar arteiy at its bifurcation or the middle 
cerebral arteiy at its first branch was exammed Longitudmal senal 
sections were made with paratlm embeddms: and stamed bv haema- 
toxi'hn and eosm, and elastic tissue stams In five ot these eight 
artenes well-defined medial detects were seen (ages twentc-one 
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elastica intima and adventitia were clearlv present (Fig 7) It was 
found as a second aneur^-sm in a case in which tatal haemorrhage oc- 
curred from rupture ot an aneuri sm ot the anterior communicatin 
arteiY In this case tliere must have occurred a weakening, stretchin 
and outpouchmg ot the whole wall but certain!} not a congenital 
absence ot media This is the onh aneuiY'sm m which we have found 



Fig 7 Section through the Stc of \ Small Un-ruptured An-eur\sm of the 
Posterior Comatustcwesg Artert en \ Woman Aged 49, Who Died from 
Rupture of a Larger An-eur\sm of the Anterior Communtcating Aetera 
The iraU of the aneuir sm shown here is unusual in that it contams normal media and 
elastica H A E X IS 

an intact media and elastica and it is probabh ot the same ti-pe as 
described bt Busse (1921) and termed dehnungs aneurtsmen” 

Aetiology of Berry Aneurysms 

The cause ot berrA aneur} sms is not entire!} clear though there is 
strong e\ndence tor the existence ot de\ elopmental impertections oi 
cerebral arteries, which probabh plat some part m the tormation 
of aneur} sms 

Eppmser (1SS7) suggested that basal cerebral aneur} sms were 
congenital, caused b} detects in elastic tissue Turnbull (1918) and 
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thirt}--eight, fortA’-three, sevent}--one and sevent}--tK-o) They con- 
sisted of small gaps m the media at the centre of the bifurcation angles 
(Fig 8) At these pomts the w aU was thm consisting onl} of mtima, 
elastica and adventitia The muscle on either side appeared normal 
and there was no e^■ldence of necrosis, mflammator} reaction, or 



Fig S JXediai DErEcr \t the Point of Bifurcation of an \pparenti\ Xoemai. 

Cerebral Vrtera 

Media is absent m a small area at the apex of the angle The elastica is in- 
tact eigert’s elastic tissue stain -F H & E X 120 

scarrmg The elastica appeared normal and mtact opposite the de- 
fect m three ot the five cases Opposite one defect (a girl twenty -one 
N ears ol age who died from a ruptured aneurt sm), the elastica showed 
a marked local splitting and rndenmg In two of the defects there 
were minute saccular outpouchings One of these microscopic aneu- 
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In cnticism of Forbus’ findings, TuthiU claimed that the medial de- 
fects at bifurcations could be caused by artefact due to a tmstmg of 
the tissues or a folding of the media under the elastica In our cases 
w e fail to see any possible artefact causing the medial defects and we 


n 
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Fig 10 JlEDiAi DErEcr Micaioscopic ■Vseceism is Cerebral Arterial 

Btfcrcation 

To the left is the trunk of the middle cerebral arten , to the right, its first branching 
In the acute angle m the centre the wall is thin due to absence of media, and there is an 
earlj pouching H & E X-10 

consider that the defects are true lesions probabh developmental 
m origin 

From the data at hand it seems reasonable to conclude that medial 
defects occur at bifurcations in cerebral arteries and as berrt aneu- 
rt sms occur at those pomts, that the defects plat a part in their forma- 
tion It remains possible that such defects are the whole explanation 
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of aneurvsms it is conceivable that a large detect might become 
stretched by continued pressure into a saccular aneurysm \ et there 
are certain difficulties m accepting detects of media as the sole factor 
and the tollou mg facts must be considered m tornung an opinion (1) 
jSIedial detects are often present m cerebral arteries of persons uitliout 
aneurysms (2) Berry aneur\ sms are rare in infancy and uncommon 
before adolescence (3) Berry aneurisms are rare in arteries other 
tlian cerebral arteries though medial detects have been found m tliese 
other arteries (4") Bern aneurysms are more commonly single tlian 
multiple 

It IS our impression that structural bifurcation defects in tlie media 
of cerebral arteries predispose to and determuie the site ot berri 
aneurisms but tliat tliere is another superadded, acquired lesion 
The added condition apparently acts by weakening the elastica in 
tlie areas ot medial defect, but i\e can supply no information as to 
tlie nature of tins suggested lesion The frequent findmg of berri- 
aneuri sms m assoaation with thin healthy-looking cerebral arteries 
suggests that the ordinary ti-pe ot cerebral arteriosclerosis is not a 
causative factor It is conceivable that a local arteriosclerotic process 
with sphttmg of tlie elastica could occur at tlie pomts ot medial de- 
tect, but our very linnted studi' of bifurcation defects shoued an 
elastic tissue degeneration m only one out of five cases Could it be 
that there is some toxic or metabolic process n eakenmg elastic tissue 
m tliese cases^ If it nere merely mcreased intravascular pressure 
causing the outpouching, one would expect berry aneurysms to be a 
mucli more common sequel m cases of arterial In-pertension It is 
probably wisest at present to accept the fact tliat the tull aetiologi' of 
berri, aneurysms is not known 

Aneurysmal Haemorrhage with Particular Reference to 
Intracerebral Rupture 

In all of our cases of ruptured aneur 3 'sms with fatal haemorrhage, 
It w as possible to find a gapmg, ragged hole m the sac usually of quite 
large size In one case, as above mentioned, tlie whole sac had torn 
off, leaving onh a small torn neck With these large tears the fa- 
taliti IS readily understandable and it is difficult to see how such 
ruptures could ever become closed and healed The presence of 
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In criticism of Forbus’ findings, Tuthiil claimed that the medial de- 
fects at bifurcations could be caused by artefact due to a t^^^stmg of 
the tissues or a folding of the media under the elastica In our cases 
we fail to see any possible artefact causing the medial defects and we 
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Fig 10 JIediu. Defect axd Microscopic A>rEiJR\sii rs Cerebral Arterial 

Bifurcation 

To the left is the trunk of the middle cerebral arten , to the nght, its first branching 
In the acute angle in the centre the nail is thin due to absence of media, and there is an 
early pouchi n g H & E X-W 

consider that the defects are true lesions, probabh' developmental 
in origin 

From the data at hand it seems reasonable to conclude that medial 
defects occur at bifurcations m cerebral arteries and as berr\' aneu- 
rt sms occur at those pomts, that the defects plai a part in their forma- 
tion It remains possible that such defects are the \i hole explanation 
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oi aneun-sms it is conceiA-able that a large defect might become 
stretched by contmued pressure mto a saccular aneurysm Yet there 
are certain drmculues in accepting defects of media as the sole factor 
and the foUovdng facts must be considered m lorming an opinion (ll 
Medial defects are often present m cerebral arteries of persons without 
aneuresms Berr}* aneuiysms are rare m infancy and uncommon 
before adolescence (31 BerriL' aneurysms are rare m arteries other 
rtian cerebral artenes though medial defects have been found m these 
other arteries (4l Bern,- aneuiv-sms are more commonly smgle than 
multiple 

It is our impression that structural buurcation defects in the media 
of cerebral artenes predispose to and deterrmne the site of berr\- 
aneuiysms but that there is another superadded acquired lesion 
The added condition apparently acts by weakenmg the elastica m 
the areas of medial defect but we can supply no mformation as to 
the nature of this suggested lesion The frequent hndmg of berri- 
aneuri-sms in assoaation with thin healthy-lookmg cerebral attend 
sugg^ts that the ordmari- t\-pe of cerebral axtenosclerosis is not a 
causative factor It is conceit-able that a local artenosclerotic process 
with sphttmg oi the elastica could occur at the pomts of medial de- 
fect, but our vert- hnuted study oi bmucation defects showed an 
elastic tissue degeneration m only one out of hve cases Could it be 
that there is some tovic or metabohc process weaienmg elastic tissue 
in these cases’ If it were merely increased mtxat-ascular pressure 
causing the outpouching one would expect hern,- aneuiysms to be a 
much more common sequel m cases of arterial hi-pertension It is 
probably wisest at present to accept the fact that the fuU aetiolog}- of 
benv- aneuiy-sms is not known 

-IiiC irysn.al HacriiOrrlagc w *1 Pcn.c.dar Rtferchcc io 
IsJraccrebral Rupi’irc 

In all or our cases oi ruptured aneusysms with fatal haemorrhage 
it was possible to hnd a gapmg. ragged hole m the sac usually of qmte 
large size In one case as above mentioned the whole sac had tom 
on leaA-ing only a small tom neck YTth these large tears the fa- 
tahu- 15 readily understandable and it is difncult to see how such 
ruptures could ever become dosed and healed The presence oi 
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firm thrombus m the sac could perhaps reduce the torce ol the bleeding 
and minim ize the danger It does seem likely however that most of 
the non-fatal cases of leaking aneuri sms are due to smaller ruptures 
than are usually seen in these fatal cases We have mentioned the 
frequent findmg of small haemorrhages in the aneurism vail and 
such haemorrhage might by a dissectmg process produce small 
leakages 

Because ot the situation of berrv aneuiy sms m the Circle of WiUis, 
or nearby on its mam branches haemorrhage from a ruptured 
aneurysm tends to be chiefli’ m the subarachnoid space In a 
fatal case one usuaUv finds a massive collection of blood m the basal 
subarachnoid cisterns spreadmg out m the large fissures towards the 
lateral surfaces of the hemispheres However, as pomted out bi' 
CoUier the bleedmg mai not be entirely subarachnoid but may also 
be subdural transdural, mtracerebral mtraventncular or into the 
subarachnoid space Counnlle and Olsen 1938, m a recent report, 
descnbed the frequent occurrence of mtracerebral haemorrhage into 
the frontal lobes from ruptured antenor communicating aneurj-sms 
Such haemorrhage occurs mto one or both frontal lobes, stnppmg up 
the white matter m the region of the forceps mmor Coumlle lound 
it impossible to correlate these mtracerebral haemorrhages with an} 
distmct clmical s}Tidrome .\Ibnght mentions the occurrence ot 
crossed hemiplegia m cases of aneuiA'sm of the mtemal carotid arter}’ 
but does not mention mtracerebral haemorrhage as the cause In 
the massive hterature on the clmical and pathological features of 
aneuiAsmal haemorrhage attention has been devoted almost ex- 
clusive!} to subarachnoid haemorrhage and mvohement of cranial 
nenes True hemiplegic, aphasic con-culsne and psychoPc forms 
of spontaneous subarachnoid haemorrhage have been mentioned but 
there has been no detailed consideration of the location mechanisms 
and clmical s^-nd^omes due to mtracerebral haemorrhage from aneu- 
r\ sms We have been impressed with the Irequenc} ot signs of mtra- 
cerebral haemorrhage m renewmg our cases chnicall} and hai e been 
fortunate m obtammg pathological x enfications in sex eral such cases 
An analxsis ot the pathological findmgs shows a surpnsmgl} great 
frequenc} of mtracerebral haemorrhage In the twenty-seven cases 
01 ruptured aneur}'sms subarachnoid haemorrhage of x-aiying degree 
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occurred m all Haemorrhage was confined to the subarachnoid space 
in onl^ eight cases Intracerebral as well as subarachnoid haemor- 
rhage occurred m nmeteen cases 

We are mcluding m the group with mtracerebral haemorrhage, only 
well defined large haemorrhages and not merely slight bruismg and 
erosion of cortex The mtracerebral haemorrhages were m two posi- 
tions primarily, trontal and temporal and were aU caused by aneu- 



Fig 11 Transverse Section through iliDDtE or Cerebral Hemispheres in a Case 

OE F ATAL AnECRASHAL HAEMORRHAGE 

The eTca\-atioii in the infenor suitace of the left temporal lobe rs the bed of an aneurj'sm 
at the carotid bifurcation The aneurvsna has been remOA ed Haemorrhage has spread 
upa aids mto the temporopanetal a hite matter and mtemal capsule 


rvsms of the anterior part of the Circle of WTUis namely from the 
region of the anterior commumcatmg arterv from aneurv'sms at the 
carotid bifurcation and from aneurv’sms of either middle cerebral 
arterr m the Syhaan fissure In such cases the aneurv'sm was usuahv 
tound to be partially imbedded in the adiommg cerebral cortex and 
with rupture the haemorrhage had stripped and lacerated the white 
matter leavmg massu'e mtracerebral haemorrhages of varvmg size 
(Fig 11) Though usually associated with marked subarachnoid 
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occurred m all Haemorrhage as confined to the subarachnoid space 
in onl} eight cases Intracerebral, as well as subarachnoid haemor- 
rhage, occurred in nineteen cases 

We are mcludmg m the group mth mtracerebral haemorrhage, only 
well defined large haemorrhages, and not merely slight bruismg and 
erosion of corte'f The mtracerebral haemorrhages were m two posi- 
tions primarih , frontal and temporal, and xs ere all caused by aneu- 



FiG 11 TRA^S^'EItSE SeCIIOX THROUGH illDDLE OP CEREBRAL HEMISPHERES LE A CASE 
OP F u. Axeorpsmal Haemorrhage 

The esca\-ation in the infenor surface of the left temporal lobe is the bed of an aneuij'sm 
at the carotid bifurcation The aneur\-sm has been remo\ ed Haemorrhage has spread 
upwarxis mto the temporoparietal -white matter and internal capsule 

rtsms of the anterior part of the Circle of Willis, nameh’ from the 
region of the anterior communicatmg artery from aneuin sms at the 
carotid bifurcation and from aneurysms of either middle cerebral 
artert" in the St Ivian fissure In such cases the aneurt sm was usually 
found to be partially imbedded in the adjoinmg cerebral cortex and 
with rupture the haemorrhage had stripped and lacerated the nhite 
matter leavmg massit e mtracerebral haemorrhages of vartnng size 
(Fig 11) Though usually associated with marked subarachnoid 
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haemorrhage, in five cases the bleeding into brain tissue was much 
larger and in three cases the subarachnoid haemorrhage was of only 
a neghgible amount In the dramng, the two most common positions 
of such mtracerebral haemorrhages are indicated (Fig 12) With 
massive fatal ruptures the mtracerebral haemorrhage in a few cases 



Fig 12 Ixiracekebrai. Haemorrhage from Axeurasms from the Circle of 

Whus 

The dark circles indicate the three sites of aneurjsm -nhich commonly rupture mtra- 
cerebraU}' The shaded areas indicate roughlj the commonest sites of such mtracerebral 
haemorrhages 

vas much less circumscribed and m one case occupied the white matter 
of a vhole cerebral hemisphere from frontal to occipital lobe external 
to the lateral ventricle The frontal lobe is much more commonl}’ 
penetrated xna its medial surface bv anterior cerebral and communicat- 
ing aneurt^sms and such haemorrhages are usualh seen to be confined 
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to one or both frontal lobes Aneur} sms arising at the bifurcation 
of the mternal carotid may readily rupture into cerebral tissue and 
usually gain entry by the medial surtace of the hippocampal uncus 
The haemorrhages m these cases ma}- remam confined to the temporal 
lobe, but can readih’ ln^ ade lateralli into the mternal capsule and 
basal ganglia Less commonly the carotid aneurysms ma} burrow 
through the inferior surface of the frontal lobe lateral to the optic 
chiasm — causmg haemorrhage into the frontal or frontoparietal white 
matter Aneurysms of the middle cerebral arter)" m the Syhnan 
fissure may rupture m various directions involving frontal (Fig 13), 
parietal or temporal regions, m our cases downward rupture into tem- 
poral lobe tissue v as most common The clmical correlation of these 
haemorrhages will be discussed later 

The actual number and origin of intracerebral haemorrhages from 
aneurisms, m our postmortem cases, vas as follows Frontal Lobe 
Haemorrhage— ten cases (right, fi\e, left, three, bilateral, two) from 
anterior communicating aneuri sms, se\ en, from middle cerebral aneu- 
r} sms, m S} hnan fissure, two, from carotid bifurcation aneur} sm, one 
Temporal Lobe Haemorrhage — nine cases from middle cerebral aneu- 
r}sms, m S}lvian fissure, fi\e, from carotid bifurcation aneu- 
n sms, four 

Incidence of Spontaneous Subarachnoid Eaeniorrhagc in Comparison 
•until Intracerebral Eaeniorrhagc 

As stated above, there vere 118 clmical cases of spontaneous sub- 
arachnoid haemorrhage m the eleven-iear period, 1928-1938, and we 
behe^e that, iMth possibh a iei\ exceptions, these vere all due to 
ruptured mtracranial aneurisms In these 118 cases, there were 
sivt} -one fatalities, a mortality rate of 52% Postmortem examina- 
tion V as done m thirt} -three cases 

In order to compare the incidence age and mortalit} , ne have de- 
termmed, from die clinical and pathological records, the number of 
cases of mtracerebral haemorrhage due to arteriosclerosis vith or 
without hypertension durmg the same period (Table 1) There are, 
of course, difficulties and possible errors m determining the mcidence 
of cerebral haemorrhage from clmical cases nithout postmortem \eri- 
fication In reviewing the histones of cases diagnosed as cerebral 
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haemorrhage we have purposely erred on the consen-ative side to 
exclude anv possible cases of cerebral thrombosis "We have mcluded 
onlv cases with onset while active m persons with hi-pertension or 
sei ere arteriosclerosis and with lew exceptions, bloody cerebrospinal 
fluid Thus ve have lound 1-18 cases ol primary- mtracerebral haem- 
orrhage in the eleven-], ear period 1928-1938 There were 131 ta- 
tahties a mortality rate ot 88% Postmortem exarmnation was per- 
formed m sixtv-seven cases The sex inadence was practically equal 
m both subarachnoid and cerebral haemorrhage The average age 
mcidence of the cases of spontaneous subarachnoid haemorrhage was 
lortr -SIX years with 60% ot cases under the age ot fitt\ In primari' 

TABLE 1 


4 jf It cidci cc ai,d iIortiihl\ 


YEASS 

SPOSTOvEOCs ‘^PVRACIDvOID HAEJIOS.- 

RH-tGE 1 IS OSES 

FREIAJIV EsTRACXltEB^U. HAI^IORItHAGE 
1*S OSES 

S\ir% wed 

F^tal 

Survwed 

Fatal 

10-19 

4 

0 

1 

2 

20-29 

, 9 

6 

i ° 

0 

30-39 

' 12 

9 

' 3 

7 

40-19 

' 13 

17 

' 1 

30 

50-59 

1 14 

1 11 


35 

60-69 

' 4 

15 

1 3 

37 

70-79 

1 

‘ 1 

7 

IS 

S0-S9 

' 0 

2 

1 1 

2 


i 

5/ 

1 61 

1 

131 


mtracerebral haemorrhage the average age was filti'-nme years and 
onli 30% ot the cases were under the age of fifti 

The autopsy statistics as to the mcidence of spontaneous subarach- 
noid and pnmaiy- cerebral haemorrhage are obxnously more accurate 
Seen at autopsy m the same eleven-year penod there have been thirty- 
three cases ot massive non-traumatic subaradmoid haemorrhage and 
sixty-seven cases ot primary cerebral haemorrhage It is ot mterest 
that there were nmeteen cases ot ruptured aneurysm with large mtra- 
cerebral haemorrhage (as \s ell as subarachnoid haemorrhage) Thus 
22% ot massive mtracerebral haemorrhages encountered m routine 
autopsies were due to ruptured aneuiy-sm ot the Circle ot Wllhs 
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CASE HISTORIES TO ILLUSTRATE THE VARIOUS SYNDROMES 
ENCOUNTERED IN PATIENTS VUTH 
INTRACRANIAL ANEURYSMS 

The following cases are being reported briefly to illustrate the vari- 
ous clinical tA-pes associated with intracranial aneurA'sms Only rarely 
do the aneur} sms attain a large size and involve neighbouring struc- 
tures in the absence of frank rupture The great majorit} of aneu- 
r^^sms remain very small and give rise to no symptoms prior to the 
onset of haemorrhage 'WTien a berrA' aneurA^sm ruptures, certain well- 
knoAATi SATuptoms appear which are common to all cases of spontaneous 
subarachnoid haemorrhage Other important manifestations maj’ be 
supenmposed, hoAieA'er, depending on the site of the aneurysm m re- 
lation to cerebral structures and on the seA’^entA of the haemorrhage 
Included m these is intracerebral haemorrhage which is a common 
sequel of ruptured aneurysm The group of cases vnth intracerebral 
haemorrhage will receive particular emphasis because of their im- 
portance m diagnosis and prognosis 

Uncomphcated Spontaneous Subarachnoid Haemorrhage 

B}’ this is imphed the condition where the bleeding from a ruptured 
aneurA sm is entirely into the subarachnoid space, as judged b} the 
clmical condition of the patient There are no signs of invoh'ement 
of the bram or cranial nerA^es other than transient effects due to the 
presence of blood m the subarachnoid space including signs of menin- 
geal irntation mental retardation, and possibly some impairment of 
reflex actmtA , low-grade fcA’-er, and elcA^ation of white blood count 
All the SA mptoms subside within a few weeks after the bleeding has 
stopped 

Case 1 S , a labourer, aged 5-1, had preAuousl} enjoyed good health 
In September, 1931, AAhile working, he suddenlj experienced scAere pam 
in the back of the neck and frontal headache accompanied bj A'omitmg 
and mental confusion He A\as taken home and remamed m bed for one 
week but, failing to improA^e, he was then brought mto hospital Examina- 
tion on admission showed him to be a well-dcA'eloped man complaining of 
scAxre, generahzed headache and photophobia He was restless and 
drowsj, resenting examination and answermg questions in monosj^Uables 
He was well oriented for time and place and there was no gross memorj- 
defect The neck was stiff and Kernig’s sign was positiA'e The tendon 



regexes in xii6 dim cult to oLc*t D Jt otncnviss ueurolomcitL exum j- 

nauon xms uesaUN'e General pUyaail exnminntion revealed nothing 
abnonmi exceoi a eLght e^evat-on oi tempera rute Tne cereDrospinal 
nuia tens under pressure of 160 mm and vms a golden yellow co’out. 
Treatment with complete rm m ned and dmp- spmnl drainage resuitecl n 
progressive improvement Tne paaent was aismarged from uospital one 
month after admision free o: svnnptonis anc, sUowmg no phi-sicai S’gns 
He was re-esamined in January 1939 more than seven years later He 
had heen svmptom~free smee two months arter Qiscnarge. at '^h.ch time 
he had resumed his hea-cy labouring work and had not massed a day subse- 
quently due to lU health 

This case is tt-pical of a moderately severe spontaneoas suoarach- 
noid haemorrhage progressing to complete recover}' witli no residual 
svmiptoms As so frequently happens tne pnnent has remained free 
from any simptoms for more than seven years wnth no recurrence of 
st'mptoms despite contmuing with his strenuous occupation since 
three months after the onset. 

5^07 U7 CO 7s 5 /’-areef r.o a Hccr-orri ege -jr.iJ PcrLcl cr Con.i-kic 
Pcrclys'.s q* Oh<. or More CrcL c'l A'erras 

In these cases the sin-ation oi the aneuri'sia and the severtti* o: the 
haemorrhage are the determining factors m causing the cranial nerve 
parali-sis and frequently there is residual paral^'sis of the arected neri'e 
or nerves after recover}' trom the other s}mptom^ due to haemorrhage 

Ccs^ i G B a housewife, aged 39 was well unui tnirn'-six no-rs 
arter receiving a chiropractic admsimeni of her necut for a senor-hoem rash 
m December 1939 Sne was awakened at mgnt with severe neadacne and 
\'ormting the pam mostly referred to tne back of her aecs A few mmutes 
Inter sne discovered that the left eye lemamen closed anc sue was unaole to 
elevate the ug Tae simptoms persisted until aer admlss-on to hosp.tal 
tsree weeks after the onset Examinat-on showed a weil-nounshed vomg 
woman moimg restless!}' in oed and very confused mentallv Sne was 
(LsDnented lor time and aer memor}' perception and attennon were all 
impnmed Tae neck was veix stm and Hemic s s cn was nos.tive There 
was pros.- OI the lert upper eyeEd and the left eye was deinaiea to tae ex- 
treme left "vitn comp’ ere paralys.s oi the mtnns.c and extnns-c muscles 
S'uppLec by tae tinrG nerv'e. A low-gmde fever was present un to 101 
degree tae white blood count was 16 099 The cerenrospmal amd con- 
tamed gross blood anc on centrifuging was deeplv xa-n mo m- n-n .r 
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The patient was treated with complete rest m bed and frequent removal 
of 10 to 20 c c of the blood} fluid During her three months’ stav m 
hospital she had four recurrences ot the bleedmg as indicated by increasmg 
sevent}- of her s}-mptoms and tresh blood m the cerebrospmal fluid 
Fmally her improvement seemed to be sustained and she was allowed to 
return home where a further period of rest was ad\'ised On discharge 
the only finding was the complete lett third nerv e paralysis but the patient 
complained of headaclies and mabiht}- to thmk clearly Re-exammed m 
Januai}' 1939, she stated that durmg the } ear foUowmg discharge from 
hospital the headaches gradually lessened in frequency and se\erit}’ and 
the feebng of mental dullness impro\ ed Durmg the past seven } ears 
she has performed her arduous household duties and has felt perfecth weU, 
apart trom the condition of her lett eye Examination showed the ptosis 
to hai e recoi ered but a moderate di\ ergent squmt remamed and the pupil 
was large and fixed The patient has learned to suppress the false image 
and IS not troubled by diplopia 

In this case the aneur} sra was presumabh situated m the region ot 
the bifurcation ot the left mternal carotid arter} The onset of the 
tiurd nerve paralysis sunultaneoush with the subarachnoid haemor- 
rhage indicates that the damage to the nen'e was due to the haemor- 
rhage rather than to pressure b\ the aneur} sm Apart trom the 
residual third ner%'e pals} the patient has been free ot s} mptoms for 
a long period as m Case 1 It is noteworth} that despite several 
recurrences of bleeding durmg her penod m hospital there has been 
no recurrence smce discharge mdicatmg adequate healmg at the site 
of rupture possibh by wallmg off or actual thrombosis of the aneu- 
r}'smal sac 

Although the oculo-motor neiwes are more common]} miolved in 
spontaneous subarachnoid haemorrhage due to ruptured aneurysm 
than are other cranial nerves the second filth seienth and eighth 
ma} be affected m certain cases depending on the situation of the 
aneurism The following patient had iniohement of the eighth 
nen'e and the simptoms ot cerebellar dysfunction durmg the acute 
phase ot the illness 

Case 3 31 F a domestic aged 39, had been subiect to bouts of right- 

sided headache and buzzmg m the right ear occurrmg about e\er} two 
months smce a minor head miuiy in 1932 In April 1934 her gait became 
a little unsteady In June 1934 she was suddenh seized with a se\ere 
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generalized headache, stiffness of the neck and a loud buzzing in the right 
ear On admission to hospital, nme da^s later, she ivas found to ha\e a 
stiff neck and vras drowsy but mentall\ clear There was horizontal 
nystagmus on de\ lation of the e\ es to the right and to the left and hearmg 
was impaired in the right ear A moderate degree of incoordination on 
loluntaiy morement was noted in the right hand The reflexes in the 
arms were sluggish and those m tlie legs were not ehcited The plantar 
reflexes were flexor Coordmation tests of the legs with the patient in bed 
re\ ealed no definite ataxia The cerebrospinal fluid contamed gross blood 
and on centrifugmg was xanthochromic Under treatment mth complete 
rest m bed and remoi al of bloody cerebrospinal fluid on se\ eral occasions, 
the patient showed progressixe vmproxement and on discharge six weeks 
after admission she was siTnptom-free Re-exammed m November, 1938, 
It was learned that she had contmued with her work as a domestic smce 
discharge from hospital Apart from occasional right-sided headaches when 
she stoops or exerts herselt unduly and recurrence of the tmnitus m the 
right ear for one week tuo months previous!}, she has been entirely free 
of symptoms The only findmg on exarmnation, was a moderate deaf- 
ness m the right ear which was shown to be of nerve type 

The localizing signs in this case suggest tliat the aneurism was 
situated m the right cerebellopontine angle possibly arising from the 
vertebral arter}- The signs ot cerebellar disfunction uhich were 
manifest during the acute phase of the illness completely subsided 
with recovery only some mild eighth nerx'e damage remaming per- 
manenth Rapid improx ement m the signs and simaptoms of cerebral 
mvolvement is common but often difficult to predict when the pa- 
tient is first seen Prognosis should accordingly be guarded m the 
early stages 

Spouiancous Subarachnoid Haemorrhage icith IntraeerebraJ Haemorrhage 

In this group are included those cases with definite endence of 
extravasation of the blood mto the cerebral substance The usual 
site IS the cerebral hemispheres particularly tlie frontal and temporal 
lobes The tatal cases presented below are ot outstanding impor- 
tance in demonstrating the pathological basis for what we believe is 
a common clmical syndrome 

Case 4 AH, clerk aged 33 was admitted to the Toronto General 
Hospital m April 1934 because of a right hemiplegia and aphasia The 
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histon^ -ftas obtained that in Januarj, 1933, while naLLing along the street 
in another city, he suddeni} fell unconscious and was taken to hospital 
Eight hours later he regained consciousness but had se\ ere headache and 
considerable vomiting These S3Tnptoms graduall} impro-ved so that he 
n as discharged m tweh e da3's The mommg follow mg discharge he was 
found to have paral3sis of the right arm and leg and difficulty wnth his 
speech Apart from a little improvement m speech and the power m his 



Fig 14 Encephalogram, April 1934 (Case 4) FotTRrzEN ^Ionths after Inttial 

Haemorrhage 

There is shght diffuse enlargement of the left lateral \ entnde with a more marked local 
enlargement of its antenor horn 

right leg, the condition was unchanged until he came under our obsert ation 
fifteen months later 

Examination showed a moderate^ se\ ere motor aphasia with also gross 
defect in the comprehension of wTitten and spoken speech There was 
se\ere spastic paral3sis of the right upper limb and shght weakness of the 
right face and leg Xo sensor3 impairment was detected and the Aisual 
fields were full An encephalogram was done which showed a moderate 
diffuse enlargement of the left lateral \ entnde wnth no shift in the \en- 
tricular 53 stem (Fig 1-1) 
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In \nevi' of the patient’s age and the history of onset, a diagnosis was made 
ot aneun sm on the left middle cerebral arteri- mth rupture mto the frontal 
lobe This diagnosis was substantiated b\’’ mformation later obtained from 
the hospital to which he was first admitted, that the patient had a i er}' 
stiS neck on admission and that his cerebrospmal fluid was under increased 
pressure and contamed gross blood The patient was discharged from 
hospital to lead a restricted life at home 



Fig 15 C\se -1 — ExcEPHAioGRAii, Xoi'ember, 1936 
The enlargement of the left lateral \ entnde has become much greater (see Fig 14) 
A. famt rmg shadow, due to calaficabon m the aneur\ sm, is seen just abo\ e the left an- 
tenor chnoid process 

About one t ear after discharge he commenced to hat e generalized 
epileptiform seizures These gradually mcreased m frequency so that he 
was re-admitted to hospital m Not ember, 1936 Exammation at this 
tune showed the motor aphasia to be stUl set ere but his comprehension of 
speech was better The right hemiplegia was unchanged from the pretnous 
e'tamination Encephalogram was repeated tthich showed the left ven- 
tricle to be much larger than it had been two and a half t ears before 
(Fig 15) Although the enlargement was diffuse, the anterior horn was 
proportionateh' larger than the rest of the \ entncle 
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The epileptic seizures -nere well controlled b}- the administration of 
ummal The patient was readmitted for examination again m May, 1938 
The aphasia was found to be less se\ ere and the facial weakness had entuely 
disappeared The se\ ere spastic paralj sis of the arm had changed verj 
little smce the onset but the weakness m the leg now caused little disability 
and the patient was in the habit of walkmg miles each da}' Encephalo- 
gram, repeated on this adnussion, showed stiU greater dilatation of the 



Fig 16 Case -J — ExcEPaALOGRASi, Maa, 193S 
The dilatation of the left lateral \entncle is much greater (see Fig 1-i and 15) The 
local enlargement of its antenor part is \ er\ apparent in this photograph 

left lateral tentricle, particular!} the anterior horn, than had been present 
m 1936 (Fig 16) Further substantiation of the diagnosis m this case was 
obtamed m certam of the skull X-ra}s A small opaque rounded rmg 
shadow can be seen on the left side lateral to the sella, in the region of the 
middle cerebral arter} The appearance strong!} suggests calcification m 
the wall of a small aneur}sm 

The onh clinical evidence of progression smce the onset in this case 
has been the late development of epileptiform seizures The severe 
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spastic parah sis ot the nght arm has remained unchanged and there 
has been little chanse in the aphasia but the weakness ot the right 
face and leg have shown a marked improiement The series of 
encephalograms obtamed oi er a four-year period showed a progressive 
balloonmg out of the left lateral ventricle particularly m the antenor 
portion which was adiacent to the haemorrhage It is of interest 
that the whole ventricle enlarged mdicating a widespread atrophy 
throughout the hemisphere The absence of gross distortion of the 
^ entncle and shut of the ventncular s} stem suggests that progressive 
gliosis IS not the pnnapal tactor It is more probable that the rela- 
tivelv large haemorrhage mto the corona radiata has caused remote 
changes m the white matter predisposmg to widespread degeneration 

Case 5 F C an army piensioner aged 47 felt well until August 24 
193S when he was awakened in the mommg by eiy severe occipital head- 
ache This headache persisted and was accompanied by some vomiting 
On August 27 he felt better got up from bed and went tor a walk The 
next mormng August 2S his wue heard him lall on the floor and when she 
saw him he was hmg motionless and deeph unconsaous with 5ah\'a drool- 
ing irom his mouth He regained consciousness alter lour hours but was 
apparently unable to speak or utter a sound He was brought to hospital 
m that state His past health had been lauK good Twenty years ago 
he had a ruptured appendix treated surgicaU\ Four \ears ago he saw 
a ph\-sician because ot shortness of breath and pain in the praecordium 
and he was told at that time that he suffered from high blood pressure 
The histoix" was obtamed entirely trom his wife 

Esammation m hospital on August 2S showed the patient to be consaous 
but profoundly aphasic !Motor aphas'a was almost complete he was 
unable to say any recognizable word and he uttered onl\ occasional groan- 
mg sounds There were also severe receptn e defects so that he understood 
only X erx- simple questions and was imable to read He was mildlv stupor- 
ous but normaUx oriented and he irequently indicated that he was suffer- 
ing pam m the left irontal region Ophthalmoscopic exammation showed 
bilateral papiUoedema of 2-3 dioptres The xnsual Adds could not be 
satisiactordy tested because ot his spieech dimcultx but there was an unxxiU- 
mgness to look to the right and a suggestion of an hemianopic delect to 
that side There was a slight nght lower faaal weakness otherwise the 
cramal nerxes were normal The motor lunctions were normal m neck 
trunk arms and legs There was no stiffness of the neck The tendon 
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The epileptic seizures were well controlled b,v the administration of 
uminal The patient was readmitted for examination again m Ala} , 1938 
The aphasia was found to be less sex ere and the facial weakness had entirely 
disappeared The sex^ere spastic paralxsis of the arm had changed xer}^ 
little smce the onset but the xi eakness m the leg now caused little disabihtx^ 
and the patient nas m the habit of nalLing miles each day Encephalo- 
gram, repeated on this admission, shoxxed still greater dilatation of the 



Fig 16 Case 4 — Encephalogram, IIav, 1938 
The dilatation of the left lateral x entncle is much greater (see Fig 14 and 15) The 
local enlargement of its antenor part is x erx apparent m this photograph 

left lateral x entncle, particular!} the anterior horn, than had been present 
in 1936 (Fig 16) Further substantiation of the diagnosis m this case was 
obtained in certain of the skull X-ra}s A small opaque rounded ring 
shadow can be seen on the left side, lateral to the sella, m the region of the 
middle cerebral arter} The appearance strong!} suggests calcification in 
the wall of a small aneurxsm 

The onl} clinical exndence of progression since the onset in this case 
has been the late dex elopment of epileptiform seizures The sex ere 



INfRACrANlAL AMTRA 


^3 


spastic parahsis of the riglit ami has remained unchanged and there 
haslietn hllle change m the aphasia hut the i\ealntss of the right 
face and leg haie shoun a marled impieAcmenl The series of 
encephalograms obtained OAer a four-Aear period showed a piogressne 
ballooning out of the left lateral Acntricle particiilarh in the anterior 
portion uliicli nas acbacenl to the haemorrhage It is of interest 
that the iihole Aentricle enlarged, indicating a widespread atropln 
throughout the hemisphere The absence of gross distortion of the 
aentnele and shift of the acntncular sisieiii sijggests that progressne 
gliosis IS not the principal factor It is more probable that the rela- 
te elv large haemorrhage into the corona radiata has caused remote 
changes m the white matter predisposing to widespread degeneration 

Coif 5 r C , an arme jicnsioner aged 47, fell well until August 24, 
tfJlS when he was awal eiied in the morning bi lerA see ere occijntal head- 
ache This headache jiersisled and was acconip.niied 1a sonic Aoniiting 
On August 27 he fell better, got up from bed <ind went for a w.ill The 
ne? 1 morning, August 2h, his wife he ird him f ill on the floor, and when she 
saw him he washing motionless and dee])h unconscious with salna drool- 
ing from his mouth He regained con^-ciousnes' after four hours, but was 
apparenlh unable to sjiual or utter a sound lie was brought to ho^])llal 
in that sUite lbs past health had been f.nrh good Twenty rears ago 
he had a ruptured i])i)endiJ, lre.ited surgicalh Tour leirs ago he saw 
a jhisician because of shortness of bre ith and p nn m the praecorclium, 
and he w,is told at lh.it lime that he suffered from high blood pressure 
TTie hist on was obtained entireh from his wife 

T"' animation in ho-jutal on \ugusl 28 diowed the patient lobe conscious 
but jirofoundh aphasic Afotor ijih.!-.!.! A\as .dmo-.t comjjkle, he aa.is 
unable to sjA am recognirable wrad and he uttered onh ocraj.ionnl groin- 
ing sounds There a, ere aho sen ere recepln e defects so that he understood 
onh Aen simple questions ind waiun.dile to read He A\asmildh -tujior- 
ous but normalh oriented, and he frerjuenth indicated that he AAas suffer- 
ing ])ain in the left frontal region Ophthalmoscojuc ei imin ition -.hoAAcd 
hiLitcral fiapdloedema of 2-f dioptre:- The aisu.iI fields could not be 
sdtisfaclonh le-led because of his speech diffirullA hut there aaus ,in uiiAAall- 
mgness to lool to the right, ind a sugge-.lion of an hemianojuc defect to 
that -ide There a as a slight right Icmer f icul AAcal ness, othenAge, the 
cninial nerA es AAcre normal The motor function-. AAcre norm.il m nec) , 
Inml , .irms md kg-. Tlierc aais no -.liffne^s of the necl The tendon 
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The epileptic seizures were well controOed b\^ the administration of 
uminal The patient was readmitted for examination again in May, 1938 
The aphasia was found to be less severe and the facial weakness had entirely 
disappeared The severe spastic paral3^sis of the arm had changed verj- 
little since the onset but the weakness m the leg now' caused little disability 
and the patient was m the habit of walking miles each daj' Encephalo- 
gram, repeated on this admission, showed still greater dilatation of the 



Fig 16 Case 4 — Encephaeocrau, rvlAX, 1938 
The dilatation of the left lateral \entncle is much greater (see Fig 14 and 15) The 
local enlargement of its anterior part is \ en apparent in this photograph 

left lateral ventricle, particular!} the anterior horn, than had been present 
in 1936 (Fig 16) Further substantiation of the diagnosis m this case was 
obtamed in certain of the skull X-raj's A small opaque rounded ring 
shadow can be seen on the left side, lateral to the sella, m the region of the 
middle cerebral arterj The appearance stronglj suggests calcification in 
the wall of a small aneurjsm 

The onh clinical exudence of progression since the onset m this case 
has been the late development of epileptiform seizures The sex'ere 
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spastic paralvsis of tlie right arm has remauied unclianged and there 
has been little change in the aphasia but the m eakness ot the right 
face and leg have shomi a marked improvement The series of 
encephalograms obtained over a lour-ycar period showed a progressive 
ballooning out of tlie lelt lateral ventricle particularly m tlie anterior 
portion which was adiacent to Uie haemorrhage It is ot interest 
tliat die whole ventricle enlarged mdicatmg a widespread atroplu 
diroughout die hemisphere The absence ot gross distortion of the 
\ entricle and shut ot die ventricular s\ stem suggests diat progressive 
gliosis IS not die principal tactor It is more probable that the rela- 
dveh large haemorrhage into die corona radiata has caused remote 
dianges m die white matter predisposmg to idespread degeneration 

Cii-si 5 F C an army pensioner aged 47 lelt well until August 24 
193S i\hen he was ai^’akened m the morning b> i er\ severe occipital head- 
ache This headache persisted and was accompanied by some aomiting 
On August 27 he telt better got up irom bed and went for a n-alk The 
next morning August 2S his uale heard him tail on the floor and when she 
saw him he was h ing motionless and deeply unconscious uith salnm drool- 
mg ironi his mouth He regained consciousness alter lour hours but was 
apparent!} unable to speak or utter a sound He was brought to hospital 
in that state His past health bad been tairly good Tnent} }ears ago 
he had a ruptured appendix treated surgicalh Four years ago he saw 
a physician because oi shortness ot breadi and pain in the praecordium 
and he was told at that tmie dial he suffered Irom high blood pressure 
The historx- was obtained entire!} from his wite 

Examination m hospital on August 28 showed the patient to be conscious 
but protoundl} aphasic ilotor aphasia was almost complete he was 
unable to say any recognizable word and he uttered onh occasional groan- 
ing sounds There were also sex ere receptix e defects so that he understood 
only x-erx simple questions and was unable to read He was niildh stupor- 
ous but normally oriented and he trequentl} indicated tliat he was suffer- 
ing pain m the lett irontal region Ophthalmoscopic examination showed 
bilateral papilloedema oi 2-3 dioptres The xisual fields could not be 
satistactorily tested because of his speecli difficult} but there was an unwill- 
ingness to look to the right and a suggestion ot an hemianopic detect to 
that side There was a slight right lower tacial weakness otlierwise tlie 
cranial nerxes were normal The motor tunctions were normal m neck 
trunk arms and legs There wras no stiffness of die neck The tendon 
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reflexes v.eie somewhat exaggerated m the right arm and leg, though there 
was no weakness The right abdominal reflexes ^^ere sluggish and the 
right plantar response was extensor No sensorj”^ loss was apparent, though 
sensor}^ examination was necessanl> incomplete Examination of the 
heart, chest and abdomen w’as negative Blood pressure was 160/95 
Lumbar puncture on August 29 showed evenlj^ blood-stained, pink, cerebro- 
spinal fluid, under a pressure of 250 mm of cerebrospinal fluid The 
supernatant fluid had a clear, deep 3 'ellow colour Wassermann reaction 
w'as negative in cerebrospinal fluid and blood Urinal 3 "sis showed a trace 
of albumin, a few' h 3 'alme and granular casts, and a specific gra\ it 3 ' of 1 030 
Blood examination showed haemoglobin, 90%, red blood count, 5,000,000, 
w'hite blood count, 12,000 X-ra 3 's of the skull W'ere negative except for 
slight shifting of the pineal shadow to the right 

The anatomical diagnosis m this case was clearl 3 ' indicated The signs 
W'ere those of a lesion in the left temporoparietal region The patho- 
logical diagnosis seemed more difficult Though the sudden onset was 
suggestive of a vascular lesion, the presence of signs of increased intra- 
cranial pressure led us at first to consider the possibilit 3 ' of cerebral tumour 
However, after the finding of fresh and older blood in the cerebrospinal 
fluid, the clinical diagnosis w'as ruptured berr 3 ' aneuiysm in the region of 
the left carotid bifurcation, w'lth haemorrhage into the left temporal lobe 
(In our experience, subarachnoid haemorrhage from a cerebral tumour is 
extremel 3 ' rare ) For the first few da 3 's in hospital the patient’s condition 
improved generally He was less stuporous and his headache apparentl 3 ' 
disappeared, though his neurological signs remained the same On Septem- 
ber 9 he suddenl 3 ' became worse He began to breathe stertorous^, 
vomited and rapidl 3 ' became unconscious His pupils were widel 3 ' dilated, 
the right facial weakness became much greater, and the tendon reflexes 
w ere absent m the arms and exaggerated m the legs There w'ere bilateral 
extensor plantar responses Abdominal reflexes were absent Lumbar 
puncture now show'ed clear fluid under the pressure of 435 mm of cerebro- 
spinal fluid Blood pressure was 230/140 He died three or four hours 
after losing consciousness 

Autops 3 ' showed a berr 3 ' aneur 3 'sm 1 cm in diameter on the left middle 
cerebral arter 3 ' at Its first bifurcation (Fig 17 A) There was a recent tear 
m the upper part of the sac There was some blood clot in that S 3 'lvian 
fissure, but the basal subarachnoid cisterns were free of haemorrhage 
The aneur 3 sm had ruptured upwards and backwards into the left temporal, 
parietal and frontal lobe white matter Sectioning of the bram show'ed 
an older, firm, blood clot 1} mg m the upper temporal region, surrounded 
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A (Left ) Shows the 'inciirysm it the second br inching of the left middle cercbril .irterv in the Sylviin fissure ft his nip 
tured through its upper surface 

B (Right ) Ilorizontid cut surface In the centre is the round, firm, older h lematom i ft is surrounded by the massive fresl 
fatal haemorrh ige 
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reflexes were somewhat exaggerated in the right arm and leg though there 
was no weakness The right abdominal reflexes were sluggish and the 
right plantar response was extensor Xo sensori- loss was apparent though 
sensorx examination was necessarib mcomplete Examination of the 
heart, chest and abdomen was negatree Blood pressure was 160/95 
Lumbar puncture on August 29 showed evenb' blood-stained, pink cerebro- 
spmal fluid under a pressure of 250 mm of cerebrospinal fluid The 
supernatant fluid had a clear deep yellow colour Wassermann reaction 
was negatn e m cerebrospinal fluid and blood Urmab-sis showed a trace 
of albumm, a few hyalme and granular casts and a specific grantx- of 1 030 
Blood examination showed haemoglobin 90^, red blood count, 5 000,000, 
white blood count. 12 000 X-rays of the skull were neaatne except for 
shght shiitmg of the pmeal shadow to the right 

The anatomical diagnosis m this case was clearh mdicated The signs 
were those of a lesion m the left temporoparietal region The patho- 
logical diagnosis seemed more difficult Though the sudden onset was 
suggestiie of a vascular lesion, the presence of signs oi increased mtra- 
cranial pressure led us at first to consider the possibihti oi cerebral tumour 
However after the findmg oi fresh and older blood m the cerebrospmal 
fluid the clmical diagnosis was ruptured berri aneun'sm in the region oi 
the left carotid bifurcation, with haemorrhage into the left temporal lobe 
Hn our expenence subarachnoid haemorrhage from a cerebral tumour is 
extremely rare ) For the first lew days m hospital the patient’s condition 
improved general!} He was less stuporous and his headache apparent!} 
disappeared though his neurological signs remained the same On Septem- 
ber 9 he suddenly became worse He began to breathe stertorous!} , 

\ omited and rapidly became unconscious His pupils were widely dilated, 
the right racial weakness became much greater and the tendon reflexes 
were absent m the arms and exaggerated m the legs There were bilateral 
extensor plantar responses .-Ibdoinmal reflexes were absent Lumbar 
puncture now showed clear fluid under the pressure of 435 mm ot cerebro- 
spinal fluid Blood pressure was 230 '140 He died three or four hours 
alter losing consaousness 

Avtops}- showed a berr} aneurx'sm 1 cm in diameter on the left middle 
cerebral artei} at its first buurcation (F’g 17 A) There was a recent tear 
m the upper part of the sac There was some blood clot m that Sylman 
fissure but the basal subarachnoid cisterns were tree oi haemorrhage 
The aneun'sm had ruptured upwards and backwards mto the leit temporal 
parietal and trontal lobe white matter Sectioning oi the bram showed 
an older firm blood clot hung m the upper temporal region, surrounded 
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I'lc 17 Casp S 

A (Left ) Shows the inturysm it the second branching of the left middle cerebril artery m the Sylvnn fissure It has rup- 
tured through its upper surf ice 

B (Right ) Ilorwontil cut surface In the centre is the round, firm, older haematomi It is surrounded by the ni issive fresh 
fatal haemorrhage 
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reflexes were somewhat exaggerated m the right arm and leg, though there 
was no weakness The right abdominal reflexes were sluggish and the 
right plantar response was extensor Xo sensoix’ loss -n as apparent, though 
sensorx' exammation was necessaril 3 - incomplete Examination of the 
heart chest and abdomen -nas negatne Blood pressure was 160/95 
Lumbar puncture on August 29 showed e\ enh- blood-stained, pink, cerebro- 
spmal fluid under a pressure of 250 mm of cerebrospinal fluid The 
supernatant fluid had a clear, deep \ ellow colour Wassermann reaction 
was negatn e m cerebrospinal fluid and blood Urmah'sis showed a trace 
of albumm, a few h\ aline and granular casts, and a specific gra^^t^• of 1 030 
Blood exammation showed haemoglobin, 90%, red blood count, 5,000,000, 
white blood count, 12,000 X-ra\s of the skuU were negatne except for 
slight shifting of the pmeal shadow to the right 

The anatomical diagnosis m this case was clearlj indicated The signs 
were those of a lesion in the left temporoparietal region The patho- 
logical diagnosis seemed more difficult Though the sudden onset ivas 
suggestne of a \ascular lesion, the presence of signs of increased mtra- 
cramal pressure led us at first to consider the possibiht\ of cerebral tumour 
However, after the finding of fresh and older blood in the cerebrospinal 
fluid, the clinical diagnosis was ruptured berrx" aneurx sm m the region of 
the left carotid bifurcation, with haemorrhage into the left temporal lobe 
(In our experience, subarachnoid haemorrhage from a cerebral tumour is 
extremeh rare ) For the first few da} s in hospital the patient’s condition 
unproved generally He was less stuporous and his headache apparentl} 
disappeared, though his neiuological signs remained the same On Septem- 
ber 9 he suddenly became worse He began to breathe stertorousl} , 

\ omited and rapidly became unconscious His pupils ere widel} dilated, 
the right facial ■weakness became much greater, and the tendon reflexes 
were absent m the arms and exaggerated in the legs There -n ere bilateral 
extensor plantar responses Abdominal reflexes •nere absent Lumbar 
puncture now shoned clear fluid under the pressure of 435 mm of cerebro- 
spinal fluid Blood pressure was 230/140 He died three or four hours 
after losmg consciousness 

Autopsi showed a berix aneurv sm 1 cm m diameter on the left nuddle 
cerebral arten’ at its first bifurcation (Fig 17 A) There was a recent tear 
m the upper part of the sac There was some blood clot m that S}hnan 
fissure, but the basal subarachnoid cisterns were free of haemorrhage 
The aneuT} sm had ruptured upwards and backwards into the left temporal, 
parietal and frontal lobe white matter Sectioning of the bram showed 
an older, firm, blood dot hang m the upper temporal region surrounded 
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remained unconscious two days and then gradually inipro\ ed Then how- 
ever she was lound to have a total flacad left hemiplegia with dunmished 
tendon jerks and an extensor plantar reflex Xeck stiffness and Kernig’s 
sign remamed present for about a week There was also a lett hemianopia 
and a partial right third nerv e paralysis indicated b\ slight ptosis m> driasis 
and a slight external squint With this recurrence ot haemorrhage the 
development of a lett hemiplegia and hemianopia suggested mtracerebral 
rupture with imoKement of the right mtemal capsule The right thud 
nerve lesion -was additional endence ol a beriy aneurism m the region of 
the right carotid bifurcation 

The patient s general condition agam improi ed the headache and stiff 
neck subsided and the cerebrospinal fluid cleared but the lett hemiplegia 
and the right ptosis and m\ driasis persisted On August 26 she began to 
complam of sei ere steady pams m the right side of the face throughout the 
whole trigemmal nerve distribution On August 28 1938 she suddenh 
had a severe and fatal recurrence There was a sudden occipital headache 
then deep unconsaousness with death in two hoius 

At autopsj- a saccular aneurjsm measurmg 1 3 cm was lound at the 
lunction of the right internal carotid and right posterior communicatmg 
arteries (Fig IS) The right oculomotor nerve was firmh adherent to the 
aneurj-sm wall The aneur.'sm was parth imbedded m the medial surface 
ol tlie right temporal lobe and had ruptured mto that hemisphere Sec- 
tions of the bram showed old firm bloodclot m the basal gangha and mternal 
capsule and massive fresh haemorrhage lacerating and strippmg the white 
matter with extension mto the right lateral ventricle All of the i entricles 
were filled with tresh blood In the anterior basal subaradmoid astems 
there was only a little brownish blood stammg There was considerable 
tresh blood m the cistema magna and around the cerebellum which had 
apparently poured out from the ventricles 

In this case the temporal lobe SATidrome ot aneurysmal rupture 
IS agam well exemplified First there was a tiqiical subarachnoid 
haemorrhage then a second haemorrhage mto the temporal lobe ma 
its medial surtace with miolvement of the mtemal capsule and a 
residual hermplegia The tliud massive tatal haemorrhage agam 
lacerated bram tissue and snread into the ventndes 

Thus we have been fortunate in obtammg pathological verifica- 
tion 01 temporal lobe and capsular haemorrhage from aneun snial 
rupture and the chnical picture is easiK correlated Haemorrhages 
mto one or both irontal lobes trom ruptured aneurv sms in the region 
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b} massn e fresh terminal haemorrhage, forming a large exca% ation m the 
left hemisphere (Fig 17 B) The older haemorrhage had apparentl}' oc- 
curred on August 28 and its position in the temporoparietal region, below 
and outside the internal capsule, clearfy explained his clinical picture 
The cerebral arteries showed onl\' slight patch} arteriosclerosis, and no 
other aneurx sms w ere present 

This case is an instructive example of intracerebral haemorrhage into 
the temporal lobe from rupture of a berry aneurx sm Intracerebral 
haemorrhage in this neighborhood max occur from backward rupture 
of an aneurysm of the Sx Ixnan fissure, as m this case, or bx haemor- 
rhage lateralw ards through the hippocampal uncus from an aneurx sm 
at the bifurcation of the internal carotid arterv It this patient had 
surxnx'ed one xvould hax^e expected a clinical picture much the same 
as m case 4 

Case 6 E B , a housewife, mulatto, aged 38, was well until Jul} 18, 
1938, when she suffered a sudden sex ere occipital headache and a few' 
minutes later lost consciousness She was four months’ pregnant at that 
time She had had sexen prexious pregnancies resulting in fixe health} 
children and two stillbirths In her last pregnane}, for which she was 
confined at this hospital (iMa}, 1937) she had a mild toxaemia, as shown 
b} headaches, mild oedema of the feet, slight albuminuria, and a blood 
pressure of 195/120 in the eighth month 

l^Tien examined in hospital on July IS, a few hours after the onset of 
her apoplectiform attack, she had regained consciousness, but was xer} 
droxvs} and complamed of sex ere headache The neck was moderate!} 
stiff Xeurological examination was negatix e except for some diminution 
of the tendon and abdominal reflexes on the left side, and a doubtful left 
plantar response Pulse — 50 Blood pressure — 150/90 Temperature — 
100 2° per rectum Blood Wassermann was negative The cerebrospinal 
fluid was bright red from ex en admixture with fresh blood 

The clinical picture at first was characteristic of spontaneous subarach- 
noid haemorrhage, suggesting a ruptured berr} aneurx sm Tlie patient 
was kept at complete rest m bed and improved rapidh so that two weeks 
after the onset she felt quite well and showed no localizing signs The 
neck rigiditx had subsided and the cerebrospinal fluid was clear except for 
slight xanthochromia 

On August 2, 1938, she suddenh cried out and at once became deeph 
unconscious The cerebrospinal fluid was again gross!} bloodstained She 
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remained unconscious tivo da} s and then gradually impro\ ed Then how- 
ever she was found to have a total flacad left hemiplegia v ith dunmished 
tendon lerks and an extensor plantar reflex Xeck stiffness and Kernig’s 
si?n remamed present for about a week There was also a left hemianopia 
and a partial right third nerve parah-sis indicated b} slight ptosis mydriasis 
and a shght external squmt With this recurrence of haemorrhage the 
development of a left hemiplegia and hemianopia suggested mtracerebral 
rupture with mcolvement of the right mtemal capsule The right third 
ner\ e lesion was additional ecndence of a berix aneuiy sm in the region of 
the right carotid bifurcation 

The patient s general condition again improved the headaclie and stiff 
neck subsided and the cerebrospinal fluid cleared but the lett hemiplegia 
and the right ptosis and mydriasis piersisted On August 26 she began to 
complam of severe steady pams m the right side of the face throughout the 
whole trigemmal nerve distribution On August 2S 193S she suddenlv 
had a sev ere and fatal recurrence There was a sudden occipital headache 
then deep unconsaousness with death m two hours 

At autop^ a saccular aneurv'sm measurmg 1 3 cm was found at the 
lunction of the right mternal carotid and right posterior communicatmg 
arteries fFig ISl The right oculomotor nerv e was firmly adherent to the 
aneuix-sm wall The aneurx-sm was partlv imbedded m the medial surface 
of the right temporal lobe and had ruptured mto that hemisphere Sec- 
tions ot the bram showed old firm bloodclot m the basal ganglia and mternal 
capsule and massive fresh haemorrhage laceratmg and strippmg the white 
matter with extension mto the right lateral ventricle All of the \ enmcles 
were filled with fresh blood In the anterior basal subarachnoid asterns 
there was only a httle brownish blood stainmg There was considerable 
fresh blood m the cistema magna and around the cerebellum which had 
apparent!} poured out from the ventricles 

In this case the temporal lobe S}Tidrome of aneurv smal rupture 
IS agam well exemphfied First there was a Uqncal subarachnoid 
haemorrhage then a second haemorrhage mto the temporal lobe \na 
its medial surface witli involvement of the mtemal capsule and a 
residual hermplegia The third massive latal haemorrhage agam 
lacerated bram tissue and spread mto the ventncles 

Thus we hax'e been fortunate in obtammg pathological verifica- 
tion 01 temporal lobe and capsular haemorrhage from aneurvsmal 
rupture and the clmical picture is easilv correlated Haemorrhaaes 
into one or both frontal lobes irom ruptured aneurv sms m the region 
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of the antenor comniunicanng arten,- and haemorrhage into one fron- 
tal lobe from aneuri'sm m tlie Syhnan hssure have been observed 
repeatedlv m this series Unfortunately no verihed case had sur- 
vived lon 5 enough to give a dear- cut dmical simdrome The foUovr- 
mc fatal case is probably a good example but unfortunately, it was 
impossible to obtam permission for autopsy 

Case 7 D S aged 56 was weU until Cluistmas Eve 19SS On tliat 
occasion while walkins downstairs he suddenly lost consaousness and 
fell a distance of eight steps He was found tliere deeply unconscious and 
put to bed He remained in that state and was incontment ot urine two 
or three times though no conmlsions were noted He was brought to 
hospital on December 25 about twelve hours alter the onset. On exami- 
nation then he was semicomatose and breathmg stertorously he was unable 
to obey any commands and moved only slightly on painful stimulation 
The right arm and leg moved about restlessly tlie leu limbs were seldom 
moved The neck w?s shgluiy st\5 There was a coniugate deviation ot 
the eyes to the Tight otherwise the cranial nerves were normal Tone 
was normal in the limbs and the tendon reflexes were present and equal 
but the left plantar response was extensor and the left abdominal reflexes 
were absent- Exammation ot the skull was negative tliere was no evi- 
dence of trauma no bruit and X-rays of the skull were normal The 
fundi appeared normal except for some h\-peraeniia of the optic discs 
Lumbar puncture on December 26 sliowed a pressure of 125 mm oi cerebro- 
spmal fluid deep pmk bloodstamed fluid witli mild xanthochromia of 
the supernatant fluid The heart was slightly enlarged Blood pressure 
was ISO, lOO 

Durmg the flrst lew d~y5 in hospital be, at times improved slightly 
regammg consciousness enough to mumble answers to a few questions and 
to obey a few simple commands The cerebrospinal fluid was exammed 
repeatedly and cleared progressively so that by December 51 there was 
only taint pink bloodstammg and a deep \ ellow xantliochromia 

On Januaiy- 1, the patient was consaous and generally improved but it 
was now erident that he was m a demented v^etative state He was 
bang in bed motionless except for some pluckms at tliC beddotbes with his 
left hand His eyes were open and would at tiroes move to loUow tlie 
examiner He was bmg with complete unconcern in a mass of faeces 
and urine He would occasionally sliut lus eves or open his moutli to 
request He would at times make attempts to speak but would emit onlv 
a mumble in which one could distinguish occasional words He named 
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correcth- a flashhght and called a lountain-pen a pencil Examination of 
the cranial nenes vras negatne There seemed to be no hemianopia to 
rough tests There rcas some flexor rigiditi,- m both arms, greater on the 
left He mo\ ed the right arm to request but not the leit In the -n-eak 
left hand there rras a vreU-defined grasp reflex. This hand tended to grope 
at the bedclothes A gentle stroke across the palm ehcited a firm mam- 
tamed grasp There -n-as also an exaggerated stretch reflex of those fingers 
The right leg vras normal The left leg mas apparently parah'zed and 
'homed mild extensor ngiditx The tendon reflexes mere normal except 
for sluggish lett knee and ankle lerks The lett plantar mas extensor, the 
right flexor He remained m this state until Januan 12 mhen he became 
dromsT.', developed a fe\er and shomed signs of bronchopneumonia, from 
mhich he died on Januarx* 15 Permission for autopsx' mas reiused 

This patient presented death a clinical picture ol subarachnoid and 
intracerebral irontal lobe haemorrhage The mild hemiplegic signs 
on the left mith a grasp reflex pomted to destrucPon in the nght frontal 
lobe The profound dementia and the ngidity in the nght arm sug- 
gested involvement also of the lett irontal lobe The clmical diag- 
nosis mas haemorrhage mto the subarachnoid space and both irontal 
lobes from a ruptured berrx aneurx'sm in the region oi the antenor 
commumcatmg arterx' 

Large Aneurysms Wiilwui Rupture 

In these cases the chnical findmgs are due mainlx to the pressure 
exerted on neighbonng structures bi' the enlargmg aneun-smal sac 
Siens resultmg irom actual spontaneous subarachnoid haemorrhage 
are shght or entireh absent durmg the clmical course These cases 
are much less common than those previously desenbed but are of 
considerable importance irom a diagnostic standpomt 

Case S B an unemplox ed man, aged 49 gax e a historj- oi mental 
simptoms for ten x ears and organic neurological sx-mptoms lor tmo \ ears 
Smee 1926 he had been confined to a mental hospital on three occasions 
because of paranoid 'deas mith agitated irresponsible behaxuour and mas 
diasnosed Paranoid Dementia Praecox His behaxnour mas at times 
ouiet and apoarenth normal at other times eraited coniused and indecent 
In September 1954 a lett dealness and racial meakness mere round and 
he mas reierred to the Toronto General Hospital as a probable case ot 
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acoustic neuroma At this time he -was mentally clear and gave the hi5tor\- 
that tiro vears aao he began to suffer from left tmnitus vuth frequent 
ocapital headaches For one year he had noticed mcreasmg dealness m 
the left ear Numbness over the left side of his face had developed durmg 
the last SIX months and for tiro months there had been nausea diplopia 
left laaal vreakness and unsteadmess on rralkmg 

Neurological examination shoived slight -sreakness in the left arm and 
leg mstagmus on looking to the left and left third filth sixth seienth 
and eighth cramal ner\ e palsies \'entriculography revealed marked dilata- 
tion of the lateral \ entricles A diagnosis of brain-stem tumour was made 
At ojieration October 15 1934- a nodular tumour rvas lound in the leit 
cerebeUo-pontme angle which after haemorrhage was recognized as an 
aneui^-sm and hopie of surgical remo\-aI was abandoned After operation 
the patient developed a more complete parah-sis of the left sixth neri’e and 
the mnth and tenth nen es became involved on that side He ran a high 
post-operative fe\ er lapsed into coma and died on November 5 19311 
At autops\' a large dumb-bell shaped nodular aneuiysm measurmg 
5 X 3 X 2 cm was seen on the antero-lateral aspect of the left side of 
the pons filhng the cerebello-pontme angle and firml\ compressed 
against the sphenoid bone (Fig 191 The aneuiysm was attached by a 
narrow neck to the trunk of the right vertebral arteiy at its lunction with 
the basilar The left tertebral artery was small and thread-hke The 
wall of the aneurx-sm raried m thickness in most places bemg thin and 
semi-transparent There was a small patch of calcification m its wall 
lust be} ond the neck of attachment to the vertebral arteiy The contents 
were firm crumbly brick-red thrombus The bed ot the aneuiysm showed 
extreme excaration and distortion of the pons The fifth ner\ e could not 
be seen and the neives from the left side of the upjier medulla were severely 
compressed There was a subarachnoid suffusion of old brownish blood 
pigment over the whole base of the bram There was a small atheromatous 
plaque at the ongm of the right posterior cerebral arteiy another on the 
basilar otherwise no gross arteriosclerotic changes were obseived Section 
of the bram showed a considerable internal hj drocephalus 

Exanunation of the other organs revealed a bdateral acute broncho- 
pneumoma and marked coronaiy disease of the heart -with two old healed 
miarcts oi the m\ ocardium 

Microscopic sections of the wall of the aneuiysm showed a thin membrane 
ot connectne tissue No elastic tissue or smooth muscle were present 
Organized thrombus was seen m some parts and there was considerable 
phagoci-ted blood pigment There was no evidence of mflammatorv reac- 
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endarteritis and splitting of the internal elastic lamina but no apparent 
change m media or ad\ entitia 

In tins case an unusualh large saccular aneurc sm arising from the 
junction of the ^ ertebral and basilar arteries had presented the clinical 
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picture of mental changes for ten years and finally a t^yiical cerebello- 
pontine angle svndronie In. retrospect there is no apparent possibilit}' 
of hatms made a preoperative diagnosis oi aneurx'sm rather than 
tumour 

This teas much the largest of the intracranial aneuiysms recorded 
m the files of the Department of Patholog}' Tniversiti' of Toronto 
and in fact vert tew of larger size are reported in the hterature. 
Beadles 1907 rejxirted an aneurt-sm of the internal carotid measuring 
4 5x29 4\'eU s U9221 case of a vertebral aneur\-sm which he 

claimed to be one of the largest- measured 35x34x20 cms Schmidt 
1930 mentioned the findmg of an intracramal aneurA'sm the size oi a 
fist, which is the largest on record In the numerous case reports 
pathological and clinical counterparts to the above case have been 
described Duguid s (19251 case oi an aneurt-sm at the junction of 
the left vertebral and basilar arteries m a boy of se\*enteen closely 
resembled ours in site and m gross morphologj' This aneuiysm 
measured 19x11 cms fusiform aneurt'sm oi the basilar artert' 
reported by Guiiiain Schnite and Bertrand produced a clinical picture 
of eighteen months duration veiy similar to that of our case They 
also made a diagnosis oi brain-stem tumour 
It has been stated that aneurj'sms as well as thrombosis and em- 
bolism oi the vertebral arteries are more common on the left side than 
on the right due to the presence of a constriction at the point where 
the left vertebral artery' joms the basilar (Parker 1926 Wells 19221 
It IS therefore remarkable that the three vertebral aneurysms oi our 
senes were all right-sided In the case here described dissection re- 
vealed the ongin from the nght vertebral thougb the aneuri'sm lav 
over on the left side of the ixias 

Case P F. T a sale sm an aged 56 was a pleasant intelhgeni and 
succesinl man until about tiany-hve years of age, when ins ianalv nouced 
a marked cnange m ms personality He oecame lazy lost all ambmon and 
was unable to keep a job He was quarrelsome and thought that evervone 
was against him He sunered from periodic attacks of headache with 
nausea. H oring tne past five years these Hianges had become more marked 
He would become very angry on the shghtest provocation then he would 
become rest in the tace ann sweat prohisely. He was slow in perionning 
simple acts and wou^d take an nour to n-e>s His memorv failed markedlv 
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in the last three years, particularl 3 ’- for recent events During this period 
he had twelve attacks in which he lost his speech for a fen minutes He 
had pol 3 mria and drank a great deal of n ater He had a tremendous craving 
for food, particular^ at night He was not an alcoholic, but small amounts 
affected him ver 3 ' much 

On examination in hospital in No\ ember, 1934, the patient nas nell- 
oriented but duU and stuporous, with poor memor 3 ’^ Unfortunatel 3 ', his 
mentaht 3 ' prevented examination of the visual fields Examination of the 
nervous 53 stem was othernise negative Blood Wassermann nas negative 
There were riles at both lung bases and the heart was shghtl 3 " enlarged 
Electrocardiogram shon ed changes suggestn e of coronar 3 ' thrombosis On 
Januar 3 ’- 24, 1935, he had a se\ere attack of praecordial pain, foUovmg 
which there W'as rapidl 3 '^ progressive cardiac failure with death on Febru- 
ar 3 6 , 1935 His blood pressure ranged from 210/140 to 140/80 

Postmortem examination rex^ealed severe coronar 3 f disease of the heart 
w ith extensn e fibrosis of the m 3 mcardium There was aneur 3 smal dilata- 
tion of the left ventricle which contained mural thrombi 

Examination of the brain after fixation showed a large aneur 3 "sm arising 
from the angle formed b 3 ^ bifurcation of the basilar arter 3 ' The basilar 
arterx appeared elongated, and the aneur 3 'sm had dex eloped in a surprising 
position, projecting forward aboxe the optic chiasm to he mainl 3 betw'een 
the two frontal lobes on top of the anterior cerebral and communicating 
arteries The relations of the aneur 3 'sm w ere best seen in a sagittal section 
of the brain (Fig 20 ) The sac measured 3 5 x 2 cm and was filled b 3 
firm, laminated, old thrombus The outer surface of the sac w'as thin, 
dark reddish and smooth except for a few firm 3 ellowish arteriosclerotic 
plaques The posterior surface of the aneur 3 'sm bulged slight^' into the 
third xentricle, being separated from this caMt 3 ^ b 3 " onty a thin lining 
There was marked compression atroph 3 and distortion of the posterior 
part of the medial surfaces of both frontal lobes, the genu and rostrum of 
the corpus callosum, and of the mammillar 3 ’ bodies There was a moderate 
dilatation of the lateral xentricles There was old haemorrhage on the 
frontal lobe cortex and the corpus callosum 

The arteries at the base of the brain showed [sex ere Inodular |arterio- 
sclerosis 

Microscopic examination of the aneur 3 sm wall showed it to be entireh 
fibrous w ith no muscle or elastic tissue There was considerable phagoc 3 ted 
blood pigment mamh' in the outer part of the wall There was some 
organization of the thrombus at its margin The compressed frontal lobe 
tissue showed almost complete loss of nerxe cells, heaxw gliosis and old 
haemorrhage 
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In this case a large aneur} sm h ing between and compressing botli 
trontal lobes had resulted m a prolonged and se^ ere organic dementia 
It IS unfortunate that a more detailed neurological esammation was 
not possible In retrospect it seems certain that there nas optic 
atrophv probabh a bitemporal hemianopia and some degree ot 
anosmia Pathologically this case is unique m that the aneurism 



Fig 20 Lvrge UNurPTCRED Axecrisii Ajuses'g \t Befcrcitiox or Bisilar Arterv 
AM) BriGiNG Forward aboax Optic Chiasm axd betmxen Frontal Lobes 

(Case 9) 

had ansen at the basilar bifurcation and projected fonvard into the 
anterior prediiasmal position 

Smi’EY OF CLUN'CA-L OBSERVA.TIOXS IX 126 CASES 
i\ ailirc of Onset of Spontaneous Subarachnoid Haemorrhage 

Relation to E\crlion Li the great majontv of cases the onset was 
sudden, often mthout ani premoniton- simptoms in a person ap- 
parently perfectlv well In a small proportion of cases (10% in this 
series) the si mptoms dei eloped gradualli over several hours or even 
dai s As indicated m Table 2, the onset occurred during ordinari 
routine achiitv in the majonti* of the patients It is probable that 
most ol those nho were found unconsaous at home also belong to this 
group The nevt largest group mcludes those cases nhere the onset 
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occurred during sleep or on awakening The frequency of the cases 
with an onset at this time is surpnsmg and contrasts wuth the histor)' 
usually obtained in pnmarj" intracerebral haemorrhage Though it 
has been shown (Gibbs et al 1935) that the blood flow through the 
brain is not decreased durmg sleep, the individual is not subject to 
as great fluctuations of blood pressure as occur durmg daj time ac- 
tivity In onh fourteen cases was there a historic of onset durmg 
some unusual exertion such as a boisterous party, an argument, 
swimming, running upstairs, post-operative vomiting, etc hlild 
trauma such as a slap on the back, a sudden jolt while driving, and a 

TABLE 2 


Onset of Spontaneous Subarachnoid Baemorrhage in Relation to Bodily Exertion 



TOTAi 

FATAL 

Sudden onset of sjmptoms 

During ordmarj actw itj 

55 

31 

Durmg sleep or on awakening 

16 

7 

During unusual exertion 

14 

7 

Found unconsaous on floor at home 

8 

7 

Immediatelj follon mg mild trauma 

3 

0 

While m bed w ith acute infection | 

1 

1 

Gradual onset of sjunptoms 

Durmg ordmar) activ it 5 

10 

5 

Followmg trauma 

1 

0 

Total 

lOS 

57 


fall, precipitated the sudden onset of severe haemorrhage m three 
cases respective!} and a fall without head mjur}' initiated the s} mp- 
toms in one case w here the onset was gradual 

Summary In this series, spontaneous subarachnoid haemorrhage 
showed an abrupt, sudden onset m 90 per cent of cases The patient 
was at rest in bed, standmg, or walking in 78 per cent of cases, and 
undue muscular exertion was known to precipitate the onset in only 
18 per cent It is probable, then, that the rupture of an aneurj^sm 
sac IS usually a gradual process of stretchmg and haemorrhagic dis- 
section, and m onh a few cases is the tear culminated bj a sudden 
increase in blood pressure due to \nolent muscular efforts 



EnrRACR.-VN'IAI. AXELUYSMS 


47 


Early Syin pioms Headache was the first s},-mptom m eighH-three 
cases and almost mvanably it was extremelv severe Charactens- 
ticallv the headache was generalized and excruaatmg tendmg to 
predominate m tlie occipital region the pam extendmg down the back 
ot the neck In a number ot cases however the mitial headache was 
distmctlv localized m character namely unilateral ocapital bilateral 
Irontal behmd one eye or at the vertex In most mstances voimtmg 
occurred soon after the onset ot headache but m two cases vonntmg 
was the first symptom The next most common mitial S}-mptom was 
loss of consaousness This occurred as the first manilestation in 
twelve cases and seventeen other patients were lound unconscious or 
became unconsaous wit hin a tew min utes of expenencmg the first 
s\'mptom Other less common siimiptoms at the onset included ver- 
tigo urationahty concmlsions numbness or weakness m hemiplegic 
distribution visual s^miptoms prostration chills speech disturbances 
and pam m the back and lower limbs 
In addition to the twenty-nme cases with loss ot consaousness as 
an imtial SATuptom thuH-one other patients lost consciousness withm 
a feu hours ot onset The high madence of loss ot consaousness at 
the onset or shortly afterward m this senes is not m accord with the 
observations ot hlerritt 1938 He states that it is rare lor consaous- 
ness to be lost at the onset m spontaneous subarachnoid haemorrhage 
m contrast to primaix' mtracerebral haemorrhage Of the sixty 
patients with loss ot consaousness m this senes tlurty-seven pro- 
gressed to a tatal temunation with onlv ten regammg consaousness 
before death lor penods varAung trom seA-eral hours to eight days 
Most of the recoA’ered cases suffered penods of unconsaousness lasting 
only a few hours though there were fic-e cases who surviA-ed after haA'- 
mg been unconsaous for mtervals of one to eight dac's 

In contrast to the frequency of unconsaousness at the onset is the 
relatiA-e mtrequencA ot conAulsions — ^9 per cent m this senes We 
cannot agree Avith ilerritt 1938 howcA'er who behcA'es that an onset 
Avith conATilsions is of diagnostic Aalue m distmguishmg between 
pnmarA mtracerebral haemorrhage and spontaneous subarachnoid 
haemorrhage In his series of cases Avith primar\' mtracerebral haem- 
orrhage, only 14 per cent had conAuilsions at the onset or Avithm a feiv 
daA s subsequently which is not significantlA- different from the per- 
centage m our senes 
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occurred during sleep or on awakening The trequency ot the cases 
with an onset at this time is surpnsmg and contrasts with the histon 
usually obtained in pnmari' mtracerebral haemorrhage Though it 
has been shown (Gibbs et al 1935) that the blcod flow through the 
brain is not decreased dunng sleep the mdindual is not subject to 
as great fluctuations of blood pressure as occur dunng da\-time ac- 
timt^' In onl}- fourteen cases was there a histoiy of onset during 
some unusual exerPon such as a boisterous parP* an argument, 
swi mmin g runnmg upstairs post-operative vormting etc ]Mfld 
trauma such as a slap on the back a sudden jolt while dniang and a 

TABLE 2 


Onset Cl Spj'-tar'p (s Sjoirorcroi-d Sa'Trcrrrprc jr RcJaltor to Bod h Ezerttor 


' 

TOXAL 


Sudden onset oi sj-metoms 




During ordmaii acUvitv 

55 

31 

Durmg sleen or on awaiening 

' 16 

7 

During unusual exemon 

14 

7 

Found unconscous on foor at Lome 

S 

7 

Immediatclv foDo'Jvmg mid trariiiaa 

3 

0 

ttlule in bed vitb acute iniectioa 

1 

1 


Gradual onset oi symptoms 

Ihirmg ordinal^ activin 


10 

5 

FoDoTong trauma 


1 

0 

Total 


lOS 

57 


faU precipitated the sudden onset of severe haemorrhage m three 
cases respectively and a fall without head miuri' mitiated the simp- 
toms m one case where the onset was gradual 

Simihory In thi> senes spontaneous subarachnoid haemorrhage 
showed an abrupt sudden onset m 90 per cent oi cases The patient 
was at rest m bed standmg or walking m 78 per cent ot cases and 
undue muscular exertion was known to preapitate the onset m onh 
IS per cent It is probable then that the rupture ot an aneurj-sm 
sac IS usuallv a gradual process of stretching and haemorrhagic dis- 
section and m onli- a few cases is the tear culmmated b_\ a sudden 
mcrease m blood pressure due to molent muscular efforts 
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Early Sympioms Headache -svas the fiist s^ptom m eighty-three 
cases and almost mvariabh it was extremely se^e^e Charactens- 
tically the headache was generalized and excruciating, tendmg to 
predommate in the occipital region the pam extending dow'n the back 
of the neck In a number of cases, however, the mitial headache was 
distmctly localized in character nameh unilateral ocapital, bilateral 
Irontal, behind one e> e, or at the vertex In most mstances vomiting 
occurred soon after the onset of headache but m two cases vonuting 
w as the first s> mptom The next most common mitial s^-mptom was 
loss of consciousness This occurred as the first manifestation in 
twelve cases and seventeen other patients were found unconscious or 
became unconscious withm a few mmutes of experiencmg the first 
sjTnptom Other less common siTuptoms at the onset included ver- 
tigo, irrationahtv, comnilsions, numbness or weakness m hermplegic 
distribution nsual simiptoms prostration, chills, speech disturbances 
and pain in the back and lower hmbs 
In addition to the twenty-nme cases with loss of consciousness as 
an mitial symptom, thirty-one other patients lost consciousness withm 
a few hours of onset The high mcidence of loss of consciousness at 
the onset or shortly afterw'ard in this senes is not m accord with the 
observations of Merritt 1938 He states that it is rare for conscious- 
ness to be lost at the onset m spontaneous subarachnoid haemorrhage 
m contrast to pnmar} intracerebral haemorrhage Of the sixti' 
patients with loss of consciousness m this series, thirty-seven pro- 
gressed to a fatal termination with onl}- ten regaimng consciousness 
before death for periods varying from several hours to eight dajs 
klost of the recovered cases suffered penods of unconsciousness lasting 
onh a few hours though there were five cases who sumved after hav- 
ing been unconscious for intervals of one to eight da> s 

In contrast to the frequenci of unconsciousness at the onset is the 
relatue mfrequenci of convulsions, — 9 per cent m this senes We 
cannot agree with hlerritt, 1938 however, who beheves that an onset 
with coniiilsions is of diagnostic value in distinguishing between 
primari mtracerebral haemorrhage and spontaneous subarachnoid 
haemorrhage In his series of cases with primary intracerebral haem- 
orrhage, onh 14 per cent had coniulsions at the onset or withm a few 
days subsequenth , which is not significantly different from the per- 
centage in our senes 
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Summary Severe generalized headache radiating down the bach 
of the neck, trequenth' associated with \omiting, vas the first sjmp- 
tom in a majonti of the cases Loss of consciousness was the next 
most frequent manifestation at the' onset Convulsions as an mitial 
s} mptom were relativel} uncommon 
Constitiitwual Disorders, Symptoms and Precipitating Factors Pre- 
ceding the Onset of Spontaneous Subarachnoid Haemorrhage In 50 per 
cent of the cases there vas no histori of an\ si'mptoms whatever 

TABLE 3 


Cojiditwjjs Preceding the Onset of Haemorrhage in 59 Cases of Subarachnoid Haemorrhage 



TOTU. 

r\TAL 

IL'pertension and assoaated s\ mptoms 

16 

10 

Trauma 

10 

6 

Headaches and \ erUgo 

6 

3 

Migraine 

4 

1 

Headaches and insual disturbance 

4 

0 

Pregnane} 

3 

2 

\ ertigo 

2 

1 1 

Progressl^ e dementia 

2 

1 1 

Headaches and atama of legs 

2 i 

1 

Postopera ti\ e \ omitmg 

2 ' 

2 

Headaches and progress^ e dementia 

1 

1 

Headaches 

1 

1 

Epileps} and chrome alcoholism 

1 

0 

Diabetes melhtus 

1 

0 

Tabes dorsahs 

1 

1 

Idiopathic epileps} 

1 

0 

En sipelas facialis 

1 

1 

Head cold 

1 

1 

Total 

59 

32 


prior to the onset and no underh mg disease was found on exarama- 
tion m hospital E^^dence of constitutional disease or a histori of 
pre^■lous ill-health or trauma was obtamed in fifti -nine cases (Table 3) 
The various conditions recorded in the table vill now be briefli dis- 
cussed 

Constitutional Disorders H^-pertension was the onh constitutional 
disorder that occurred with suffiaent freqiienci to be regarded as more 
then mcidental Each of these sixteen cases had findings or a histori 
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indicating hi'pertension prior to the onset and the pressure remained 
ele\*ated in those that recovered from the haemorrhage The presence 
of an elei’ated blood pressure on examination after admission vas not 
of itself regarded as significant Commonly, during the acute phases 
of the illness, patients may show an elevation of the systohc and di- 
astohc pressure of a transitory- nature which subsides as their general 
condition improves 

A history' of migrame was recorded m four of the cases m this series, 
only one of which was fatal This latter case came to autopsy but 
no defimte assoaation between the headaches and the aneury'sm could 
be detected cbm rally or pathologically The infrequency of migrame 

m tVn'j; series lends no support to the theory- postulated by- Adie, 1930, 
that migrame is closely- related to mtracramal aneurysms, at any rate 
to those which proceed to rupture The four cases had all sufiered 
rmgramous headaches since early life and m two cases there was a 
family history- of migraine It is of mterest that these two patients 
have both been free of migramous headaches smce the attacks of 
spontaneous subarachnoid haemorrhage which occurred four and fiy-e 
years ago respectively In only one patient was there evidence from 
the situation of the headache that the two conditions were assoaated 
This pabent suffered a nght-sided headache, similar in type and situa- 
tion to her usual rmgramous headache, at the onset of haemorrhage 
A left hemiplegia dey-eloped mth the other sy-mptoms of spontaneous 
subarachnoid haemorrhage, indicatmg that the aneury-sm yvas situated 
on the right side of the Circle of Wfilhs There was no case of so-called 
ophthalmoplegic migrame in this senes This condition is probably 
alvrays due to leakmg aneurysms, as suggested by BramweU, 1934, but 
it is unlikely that any- dose relationship exists between migrame, not 
assoaated mth ocular palsies, and mtracramal aneuiy-sms 
Only one case of cerebrospmal sy-phihs was recorded m tins senes 
Sy-phihs has frequentlj- been considered a possible cause of spontaneous 
subarachnoid haemorrhage (Smith, 1924 Wddman, 1915, Sands, 
1929), but the evidence has not been cony-mcing It is obviously- not 
justifiable to condude a sy-phihtic ongm for the haemorrhage simply- 
because a patient happens to hay-e sy-philis Probably- a considerable 
proportion of the cases of spontaneous subarachnoid haemorrhage 
ascnbed at autopsy to sy-phihtic artentis with recoy-ery- have not been 
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carefully searched for an aneurj’^sm Sands described two cases, one 
fatal, which he attributed to s}'phihs He makes no mention of havmg 
exammed the artenes at the site of bleeding for aneur 3 ''sm The large 
senes presented here would seem to demonstrate that S 3 'phihs is not 
an important factor m the causation of spontaneous subarachnoid 
haemorrhage because exammation of blood and cerebrospmal flmd 
was earned out in practical!}'’ every case It is conceivable that an 
active syphihtic process m the bram may precipitate the rupture of a 
co-existmg berr}' aneur}'sm This might account for those cases re- 
ported m which spontaneous subarachnoid haemorrhage has occurred 
durmg the course of an active cerebral syphihtic process It might 
also explam some of the greater frequency of syphdis, 4 per cent to 
9 per cent, m other series of cases (Symonds, 1924, Herman, 1926, 
Strauss and Tarachow, 1937) 

Preceding Cerebral Symptoms Probably Associated with the Presence 
of a Berry Aneurysm Although the onset is usually abrupt there 
may be occasionally mild premonitor}’^ symptoms precedmg the de- 
velopment of severe manifestations by several hours or even days 
Precedmg cerebral symptoms of longer duration than this are uncom- 
mon and occurred m only eighteen cases of this series They included 
headaches, vertigo, visual disturbances, ataxic gait and progressive 
dementia These symptoms were present for periods of from one 
month to ten years prior to the onset of severe haemorrhage Head- 
ache was the commonest s}Tnptom, occurrmg m fourteen cases, but 
m nearly ever}' mstance it was accompamed by other manifestations 
Vertigo was the next most common s}Tiiptom, usually occurrmg m 
attacks mitiated by changes m posture 

Three of the patients ■with msual disturbance complamed of pro- 
gressive msual failure and another patient had diplopia The average 
duration of these symptoms prior to the onset of the haemorrhage 
was about two months The proximity of certam common aneu- 
rysmal sites to the optic and oculomotor nerves undoubtedly deter- 
mmed the s}'mptoms m these cases, none of which were fatal The 
observation that most aneur}'sms rupture when stiU very small makes 
it probable that the nerves were mvolved by leakage of blood from the 
aneurysms rather than by direct pressure 

The two remammg premonitory symptoms, severe ataxic gait and 
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progressive dementiaj may be mdicative of gross mterference rvith 
cerebral function The five cases m vhich they occurred all presented, 
climcaUv or at autops}’, e^ndence of mtracerebral as well as subarach- 
noid haemorrhage at the tune their acute s\inptoms brought them 
under obsen^ation The two fatal cases m which the lesion was 
verified at autopsy had both become progressiveh* demented for more 
than a > ear prior to the onset of acute s\Tnptoms The haemorrhage 
had origmated m the region of the anterior cerebral artenes with 
gross extra\’asation of blood mto one frontal lobe m both cases In 
neither was there e\'idence of \*ascular disease m the bram to account 
for the dementia, and the extent of the termmal haemorrhage made it 
impossible to demonstrate what had taken place premously at the 
site of aneurj'sm It is possible, however that in these cases, re- 
peated leakage of blood from the aneuiysm bad occurred mtracere- 
brahy before the onset of frank rupture, causmg the disturbance m 
cerebral function 

It IS probable that the majontj' of premomtorj' sjTuptoms are the 
result of recurrent small leakage from the aneuiysms The bleedmg 
may be entuely subarachnoid or, less commonly owmg to the situation 
of the aneurj'sm it may invade cerebral tissue In the former event 
the simptoms are likely to be mtermittent with headache predommat- 
mg, whereas, with mvolvement of cerebral tissue, the s3mptoms are 
hkeh- to be local and of a more disabhng character 

Incidental Conditions and Trauma The presence of such conditions 
as uncomphcated pregnancy, upper respirator}' infections, and er}'- 
sipelas at the onset, was so mfrequent m this series that the}- can 
scarcel}' be regarded as bemg veiy significant preapitatmg factors 
The onset occurred withm two da\s after abdommal operations m 
two cases and was probabh' detennmed b}^ postoperative vomiting 
m both mstances 

A definite histor}- of trauma, m most cases to the skull, was obtamed 
m onl}' ten cases In all mstances the trauma occurred within six 
months of the onset In four cases the onset of s^'mptoms dated 
direct!}' from a mild head mjur}' In two cases a precedmg rmld 
trauma had occurred withm one week of the onset The remammg 
four cases had a longer mtem'al between the mjur}' they sustamed 
and the onset of s}'mptoms due to haemorrhage, but m these four the 
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trauma was of such severe character that a relationship between the 
two events seemed possible 

Sumiimry In the great majontj*^ of the cases there was no history 
of traumaj infection, or anj* other condition which could be regarded 
as a predisposmg cause for occurrence of the haemorrhage 

Findings on Fxannnaiion 

Physical Signs Due io Siiiarachnoid Haemorrhage Marked stiffness 
of the neck was found in practically aU cases, often assoaated with a 
positive Kermg’s sign Onl}’’ occasionally was there actual head re- 
traction but, as a general rule, an^' movement of the neck was pam- 
ful The onlj’’ mental change m the mapntj' of cases of uncomphcated 
spontaneous subarachnoid haemorrhage was a mild general retarda- 
tion of memory', perception, and attention Occasionally, however, 
cases were encountered with severe mental disturbances m which 
there were no other signs of mtracerebral extension of the haemorrhage 
The s}*mptoms m these cases mcluded profound impairment of mem- 
ory, apathy, depression, extreme restlessness and imtabihty The 
fact that improvement m the mental status occurred rapidlj- concom- 
itant with the subsidence of other signs was taken as evidence that 
the S3'mptoms were due to the effects of the subarachnoid haemorrhage 
alone and not to intracerebral haemorrhage 

Occasional!}' the pupiUaiy' reactions may be sluggish and the tendon 
reflexes in the legs markedly reduced m activity durmg the acute 
stages of the haemorrhage Bilateral dorsiflexion on plantar stimula- 
tion without loss of power m the legs may also be present These 
reflex changes also disappear rapidly with improvement m the patient’s 
general condition and are, therefore, probably the result of subarach- 
noid haemorrhage affectmg the cerebral cortex and spmal nerve roots 
Some low-grade fever and a mild elevation of the white blood count 
are frequently present for the first few days after the onset 

Papilloedema and fimdal haemorrhages, together or separately, 
were found m twenty cases m this senes, of which twelve were fatal 
The average age of the twenty patients was approximately fifty years 
and onl}’- three were imder forty^ In considering the inadence of 
papilloedema, we did not mdude cases where the findmg was at all 
doubtful, so that we may well have omitted some cases with early 
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changes. In seven cases there vras papilloedema only In six cases 
there vrere haemorrhages vrithout papilloedema and in the remaming 
se\'en both papilloedema and haemorrhages vrere present In two 
cases the haemorrhages were subh\aloid the remamder were situated 
in the retina. The incidence of papilloedema and haemorrhages was 
greater m the fatal cases suggesting that their presence is some index 
of the severity- of the spontaneous subarachnoid haemorrhage In all 
but one case with these findmgs the cerebrospinal fluid pressure was 
derated in hospital and in fourteen cases the pressure was over 
300 mm 

Grimth Jeflers and Fin' 1938 have commented on the infrequency' 
of papilloedema despite the high cerebrospinal fluid pressure so com- 
monly present in spontaneous subarachnoid haemorrhage From the 
results of experimental work they mfer that blood m the cerebrospmal 
fluid in suffident amounts will block the perineural spac^es preventing 
papdloedema In a mmority of cases the block is mcomplete and 
papflloedema occurs if other predisposing factors are present such as 
(1) partial \'entricular block so that there is rdato-dy httle blood in the 
subarachnoid space (2) malignant hypertension, (3) glioma, and (4) 
sinus thrombosis 

It win be noted that six (43 per cent) of the patients with papil- 
loedema m this senes had no hypertension in hospital and no history 
of hypertension There were no reasons m these cases to suspect the 
presence of any of the other predisposing factors enumerated above. 
One would consider that the rapidity of onset of se%'ere haemorrhage 
and the situation of the source of the bleedmg might be important 
factors in determining the presence of papilloedema and haemorrhages 
Analysis of our cases tends to support this \-iew Eight of the four- 
teen cases with papdloedema were admitted wi thin twenty-four hours 
of the onset, at which time the findmgs were present The remain- 
ing cases were admitted from one to rune dara after the onset so that 
it wras impossible to say when the findmgs developed but it is note- 
worthy that m all fourteen cases the symptoms and signs justified the 
conclusion that the haemorrhage was of a severe character Five of 
the fatal cases came to autopsy and three of these showed the site of 
rupture to be m the anterior cerebral region The remainmg two had 
aneurysms on the internal carotid and middle cerebral respectively 
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One other fatal case had amblyopia as the first symptom, suggestmg 
that the rupture occurred from an aneurj’^sm situated on the anterior 
part of the Circle of Wilhs 

It IS probable that the disturbance m venous return which occurs 
m spontaneous subarachnoid haemorrhage and manifests itself as 
papiUoedema or haemorrhages m the fundus is to a large extent deter- 
mmed by the imtial seventy of the haemorrhage and the proximit}'’ of 
the site of rupture to the subarachnoid sheath of the optic nerve 
CerebrospuKil Fhnd In this work we have made no detailed study 
of the cerebrospmal flmd m regard to the progressive haemolytic 
changes and cellular reaction It is well known that the spmal flmd 
IS evenly bloodstamed soon after the onset of bleedmg, and that the 
bloody flmd does not clot on standmg In succeedmg days, the blood 
gradually disappears and the haemolysis results m a changmg colourmg 
of the flmd, at first the supernatant flmd is clear, then pale yellow, then 
deep chrome >ellow, then gradually paler and finally clear In the 
later stages a number of white blood cells are present m the spmal 
fluid, chiefl}’’ mononuclears A detailed studj’^ of this pigmentation 
and cellular reaction was made by From, and pubhshed m 1904 m 
his monograph “Les Hemorrhagies sous Arachnoidiennes” 

In the cases of subarachnoid haemorrhage here reported, twenty- 
four have been selected m which numerous cerebrospinal fluid examma- 
tions were made A review of these exammations was earned out to de- 
t e rmin e (1) the time until fresh blood disappears from the flmd, (2) the 
time until xanthochromia appears, and (3) the time required for the 
flmd to return to its normal, clear, colourless state In some of these 
cases the figures were only approximate in that punctures were not 
done every day, and because one cannot always ascertain the exact 
time of the onset of the haemorrhage 

Fresh blood, shown by the presence of red blood cells, disappeared 
m penods varymg from four to nmeteen days (8, 12, 9, 6, 19, 10, 15, 
10, 7, 7, 7, 7, 14, 8, 6 4, 9, 8, 9, 12, 6, 6), an average of mne days 
Xanthochromia was found withm twenty-four hours m six cases, 
and probably m twelve hours m three of those Xanthochromia was 
first detected twenty^-four to forty^-eight hours after the onset of 
symptoms m three cases, m forty^-eight to seventy-two hours m two 
cases, and m seventy'-two to mnety-sLx hours m three cases In many 
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other cases xanthochromic supernatant flmd vras first seen m the sec- 
ond lumbar puncture from four to eight days after the onset but m 
these the haemolysis had probably developed at an early stage though 
not looked for All that can be stated from the hmited findmgs is 
that xanthochromia ma'\ develop m tvrelve hours, is usually present 
twent\'-four hours after the onset of headache, but may not be seen 
until the third or fourth day 

The flmd returned to its normal, clear, colourless state m penods 
varimg from ten to thirt\*-mne days (30, 13, 24, 21, 24, 12, 15, 20, 16, 
10, 19 25, 24 39), an average of twentj- days 
In several cases an increase of mononuclears uras noted m the cere- 
brospmal flmd in from two to four vreeks after the onset, vrith counts 
rangmg from sixteen to 320 cells Total protem estimations were done 
m only a few cases and these were on bloody flmd, showmg values from 
28 to 100 mgm per c c The Tandy test, which was performed m the 
majont}- of cases was alwai’s positive, varimg from l-k to 44-. 
Colloidal gold and mastic cun-es done on the bloody flmd frequently 
showed shght alterations, such as 1111222110, and 2111121000 
Localizing Signs The madence of mvolvement of cranial nen-es 
and cerebral tissue by the haemorrhage is mdicated m Table 4 It 
will be noted that hemiplegia, which occurred m thirtj'-four cases, 
was b}’ far the commonest manifestation There were twelve cases 
with monoplegia quadnplegia or hemi-anaesthesia and ten cases with 
aphasia and hemianopia together or separately, without hemiplegia 
Much less common manifestations of cerebral mvolvement detected 
m this senes were gross persistent dementia m the absence of any other 
signs and one mstance of a cerebellar simdrome Six cases showed 
no defimte localizing signs on exammation m hospital but at autopsv 
massive mtracerebral haemorrhage was found m all instances Five 
of these patients were deeply unconscious on admission and the onli’ 
defimte findmgs were fixed pupils, bilateral dorsiflexion and coninil- 
sions No locahzmg signs were detected m the other patient who was 
consaous on admission but the following day he died suddenl}- m 
bed EA-idence of cranial nerve paralysis was found m eighteen cases 
but m nine of these other cerebral structures were affected as well 
The oculo-motor ner\-es were the most commonly mvolved with the 
the fifth and seventh nerv es next m order of frequencv No mstances 
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of paralysis of the ninth, tenth, eleventh or twelfth nerves were noted 
in this series 

Thus, sixt 3 '^-two patients m this senes (53 per cent) had evidence 
of destruction of cerebral tissue other than cranial nerves In al- 
most all cases the signs mdicated mvolvement of the cerebral hemi- 
spheres and m nmeteen mstances such lesions were verified at autopsy 
Thus the chnical findmgs are m keeping with the previously descnbed 
postmortem exammation, and altogether it seems quite clear and im- 

TABLE 4 


Summary of Neighbourhood Signs — 71 Cases 



TOTAl. 

TATAL 

Hemiplegia (aphasia m 12 cases) 

34 

20 

(With hemianaesthesia) 

7 

4 

Cramal nerves — 2, 3, 4, S, 6, 7, 8 

18 

8 

(With other gross mvolvement) 

9 

6 

(Without other gross mvolvement) 

9 

2 

Aphasia without hemiplegia 

6 

3 

Homonymous hemianopia with hemiplegia 

5 

3 

Homonymous hemianopia without hemiplegia 

4 

1 

Quadnplegia 

5 

5 

Monoplegia 

6 

4 

Hemianaesthesia without paresis 

1 

0 

Cerebellar syndrome 

1 

0 

Severe mental impairment 

2 

0 

Convulsions 

9 

5 

Jacksoman 

3 

2 

Generalized 

6 

3 


Six cases -with no localizing signs on exanunation shoii ed massive rupture mto bram 
at autopsy 


portant that aneur 3 '^sms of the Circle of WiUis frequently cause ex- 
tensive mtracerebral haemorrhage as well as subarachnoid haemor- 
rhage Cases 4, 5, 6, and 7 have been reported at length above to 
illustrate such aneurysmal haemorrhage In the literature on spon- 
taneous subarachnoid haemorrhage one repeatedly encounters state- 
ments such as the following “Significant negative findings are the 
absence of a hemiplegia, other focal signs or choked discs”, “With 
rare exception focal signs mdicate that the haemorrhage is mtracere- 
bral” (meanmg primary intracerebral haemorrhage) (Merritt, 1938), 
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“Tliere is no gross cerebral localization m these cases” (Ayer, 1934) 
Hovrever, some reference has been made to this aspect of aneuiY-smal 
rupture by Courville and Olsen 1938 

Climcal LocahzaUon of Iviraccrebral Haemorrhage from Ruptured 
Berry Aneurysms Attempts to correlate the dmical manifestations 
■with autops}' findmgs indicate that localization of the site of the haem- 
orrhage IS usually- possible although occasionally cases show m assive 
intracerebral haemorrhage at autops}.' which had not been recognized 
rbrnrall y As we have already pomted out the frontal and temporal 
lobes are much more commonly involved by the haemorrhage than 
other portions of the bram The parietal lobe was frequently m- 
\'aded secondarily but it was rareh- the piimar}' site of mtracerebral 
extension of the haemorrhage The clini cal manifestations vaiy de- 
pendmg on the situation and extent of the haemorrhage m the respec- 
tive areas but a bnef description of certam sjmdromes which ha\*e 
been pathologically verified will be attempted 

Invasion of the frontal lobes by haemorrhage usually results from 
ruptured aneuiysms situated on the antenor cerebral, antenor com- 
mumcating and middle cerebral arteries \Mien this occurs the sj-mp- 
tomatolog}' depends on the site and extent of the frontal lobe involve- 
ment Contralateral hemiparesis was the commonest manifestation 
■carx-ing, accordmg to the severit}' of the haemorrhage, from a shght 
weakness •with alteration in reflexes to a severe hemiplegia -with 
motor aphasia Frequently the paresis was confined to or maximum 
m one leg rarely m both le^ Intellectual retardation was the other 
pnnapal findmg m cases -with frontal lobe damage It difiers from 
that commonly present during the acute phases of spontaneous sub- 
arachnoid haemorrhage m that it is more severe and tends to persist 
If, as not infrequently happens ■with ruptured aneurx^sms situated 
on the antenor cerebral and anterior communicatmg artenes the 
haemorrh^e mxades both frontal lobes from the medial surface, i-er\' 
se\-ere and permanent dementia is likely to result Cramal nerve 
mvolvement is not commonly associated ■with frontal lobe mvasion 
but ^"mptoms referable to the second nerre may sometimes be en- 
countered such as a transitoiy amaurosis or ambh-opia 
Haemorrhage mto the temporal lobe usually results from ruptured 
aneuri-sms situated on the carotid bifurcation or in the Svli’ian fissure 
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The most consistent mamfestation of temporal lobe mvasion is a 
homon5’mous visual field defect If the lesion is left-sided a severe 
aphasia is liLel}'^ to be present also Involvement of certam cranial 
nerves, particularly the oculomotor and fifth nerv^es on the side of 
the lesion, is commonl}' associated depending on the site of the aneu- 
rj'^sm As m the case vuth frontal lobe haemorrhage, bleedmg mto 
the temporal lobe may spread mediall}’' to involve the pyramidal 
fibres givmg rise to a hemiplegia In the former, hov ever, the paresis 
is frequently maximum in the leg whereas m the latter it is often 
maximum in or confined to the face (see Case 5 ) Extension from 
the temporal lobe is hkely to involve the sensorj’^ as well as the motor 
tracts and anaesthesia often accompanies the paral3’^sis 

In some mstances bleedmg extends directly mto the ventricles bj’' 
penetration of the genu of the corpus callosum When this occurs 
there maj* be profound coma, dilated fixed pupils and bilateral dorsi- 
flexion These findings do not necessanly mdicate intraventncular 
extension of the haemorrhage, however, because the}" were present 
m two of our cases where, m each instance, bleedmg was co nfin ed to 
the temporal lobe The signs m these cases were presumed to be due 
to pressure of the crus agamst the tentorium 

It has already been mentioned that paralysis of certam cranial 
nerves may be the only locahzmg sign or may be associated with other 
evidences of cerebral damage The occurrence of cramal nerve paraly- 
sis IS dependent on the proximity of the nerve or nerves to the site 
of the bleeding The third and sixth nerves were by far the most 
frequently affected, one or both being paral3"zed in eight cases The 
frequency with which these nerves are mvolved is probably due to 
their close anatomical relationship to the mtemal carotid and the 
commencement of the rmddle cerebral arteries which are common sites 
for mtracranial aneur3"sms The fifth nerve was affected m five cases 
Pam m the distribution of one or more of its branches, most commonly 
the ophthalmic, was almost as frequent a manifestation as motor or 
sensory paralysis 

Other cranial nerves found to be affected by the haemorrhage m 
thifs senes were the second, seventh and eighth It cannot be defi- 
mtely stated that the first nerve escaped m all cases because it was not 
tested with sufficient accuracy" but the nmth, tenth, eleventh and 
twelfth were not mvolved Facial paresis of a character mdicative 
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of penpteral seventh nerv'e involvement was mfrequent, occurring m 
only two cases The eighth ner\'e was affected m one case (see Case 3) 
We do not feel satisfied that all cases with mvolvement of the optic 
nerves or tracts m this senes were recognized Owmg to the difficulty 
of testmg acutely ill patients for field defects and visual acuit>% it is 
probable that mild degrees of impairment may have been overlooked 
It IS unlikely, however, that well-marked and persistent findmgs were 
missed In only two of our cases were definite findmgs obtamed m- 
dicatmg mvolvement of the optic nerves or chiasma One patient 
had a historj’- of gradual visual failure for three months before the onset 
of haemorrhage and optic atroph}’^ was found on exammation The 
other patient had no complamts of visual disturbance but a bitemporal 
hemianopia was detected which gradually subsided while he was imder 
observation The histones m a number of cases mdicated complamts 
of defective vision before or at the onset of the haemorrhage but, apart 
from the two recorded above, examination in hospital revealed no 
definite abnormahties Jefferson, 1937, found a much higher madence 
of mvolvement of the optic nerves, chiasma and tracts m his senes 
However, he attnbutes homonj-mous hemianopia, in patients with 
spontaneous subarachnoid haemorrhage from a ruptured aneuiy'sm, 
to mvolvement of the optic tracts by the haemorrhage He suggests 
that if the hemianopia persists it is probably the result of thrombosis 
of the postenor cerebral artery', predisposed to by aneurysm This 
author makes no reference to direct mvolvement of the optic radiation 
by haemorrhage as a cause for the hemianopia although he quotes 
Sjunonds as ha^ung twice observed compression of the optic radia- 
tion by false sacs ongmatmg m postenor cerebral aneurysms In 
our senes nme patients were found to have homomonous field defects 
From a consideration of each mdmdual case and the assoaated sjunp- 
toms and signs, it is our behef that the hemianopia was the result of 
extension of the haemorrhage to mvolve the optic radiation m aU 
mstances kenfication of this lesion was obtamed at autops}* m 
three of the cases 

Sy7}iptoins of Large Unruptured Aneurysms 

Eight cases of large unruptured aneurx'sms have been studied, of 
which five were males and three females The average age was fortj*- 
six The presence of the aneury sm was \ enfied m six cases, four by 
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autops}^ one by angiography and one by operation Only one case 
had no s3mptonis, the aneur^'sm ha\nng been found acadentaUy at 
autops}’ The other seven cases aU had sjTnptoms due to involvement 
of neighbonng structures bj’^ the aneur^^sm In five cases the aneu- 
r^'sm was situated on the mtemal carotid arterj’- and the usual onset 
of sj-mptoms m this situation tended to be rapid with headache and 
pam behmd the eye precedmg the development of third nerve paral} - 
SIS Of the remammg three cases, the aneurj'sm was situated on the 
basilar artery* m two and on a vertebral arteiy^ m one In these situa- 
tions the aneur}’^sm has more room to expand and S3'mptoms usually 
develop much more gradually than is the case with aneur3rsms on the 
mtemal carotid artery The patient with an aneuysm on the verte- 
bral arter3' developed a graduall3’- progressive ps3'chosis with cramal 
ner\'e paral3'sis over a penod of ten 3’^ears In onl3' one of the cases 
of basilar artery aneur3'sm did a pontme S3Tidrome develop This 
occurred fairly suddenl3'’ followmg three 3'ears of mcreasmg headache 
The other case had shown progressive dementia accompamed b3’' head- 
ache and petit mal seizures for a period of twent3'-one 3’’ears, the aneu- 
r3'sm ha\-mg expanded forwards to compress the medial surface of 
both frontal lobes 

The important feature of these large aneur3'sms is the resemblance 
the3’^ ma3’^ bear to cerebral neoplasm m their chmcal course S3Tnp- 
toms are produced by pressure of the graduaU3' expandmg mass and 
differentiation ma3' onl3’^ be possible by angiograph3' or at operation 
The former method is of great value if the possibiht3' of aneurysm is 
considered m the differential diagnosis of expandmg lesions at the 
base of the bram 


Diagnosis 

In the majont3' of cases the diagnosis of aneur3"smal haemorrhage is 
not difficult The sudden onset, m a person previous^ weU, of severe 
headache and prostration, with the findmgs on exammation limited 
to signs of menmgeal imtation and possibl3’^ dimmished reflexes m 
the lower limbs, presents a characteristic clmical picture 'nffien, m 
such a case, the cerebrospmal flmd contams blood and the supernatant 
flmd is xanthochromic after centnfugmg, no doubt can exist regardmg 
the diagnosis The nature of the onset and the cerebrospmal fluid 
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findings readily distinguish it from memngitis Haemorrhagic en- 
cephahtis should seldom give difficult}' m diagnosis because of its 
extreme rant}' and the difference m the onset and chnical course 
The sudden onset of cramal nerve paralyses, usually oculomotor, m 
a person preinously veil should always suggest the possibiht}' of intra- 
cranial aneuiysm If the patient is seen early the accompam-mg 
signs of subarachnoid haemorrhage are likely to be present, confinmng 
the diagnosis of ruptured aneur}'sm If these signs have been rela- 
tively shght and the patient is not examined until some weeks after 
the onset, the diagnosis becomes more difficult Certam other con- 
ditions, such as encephahtis, disseminated sclerosis, S}'phihs, and 
cerebral neoplasm may then have to be considered but the nature of 
the^ onset and sevent}' of the pam usually enables the diagnosis to be 
made Angiography with thorotrast has proven particularly helpful 
m reveahng the aneur}'sm m cases of this H-pe 
■^Tien haemorrhage from a ruptured aneur}'sm invades the bram 
substance it becomes necessar}' to differentiate the case from one of 
primar}- intracerebral haemorrhage The histor}* and findmgs on ex- 
ammation render the diagnosis possible m most cases but occasionally 
there is great difficult}' in disting uishin g the two conditions Patients 
with a precedmg vascular h}'pertension present the greatest problem 
in this regard In such a case with deep unconsaousness, a hemiplegia 
and bloody cerebrospmal fimd, it may be impossible to arrive at the 
correct diagnosis In pnmaiy mtracerebral haemorrhage there may 
be mild premomtor}' s}'mptoins but paralysis nearly alwa} s appears 
at the time the patient is first prostrated Cases with mtracerebral 
haemorrhage resulting from ruptured aneur}'sins may also show para- 
h'tic signs from the onset but not mfrequently these do not become 
manifest for several hours and m about 25 per cent of our cases a period 
of one to twelve days elapsed before they developed 
If patients are consaous or a good histor}- is available from friends, 
the extreme seventy of the headache with its tendency to be posteriorly 
situated smd the marked stiffness of the neck, may also aid m the recog- 
mtion of spontaneous subarachnoid haemorrhage Consaousness fre- 
quently is retained in the presence of bloody cerebrospmal fimd m 
spontaneous subarachnoid haemorrhage whereas bloody cerebrospmal 
fl^md m patients with prunaiy mtracerebral haemorrhage almost al- 
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"ways indicates extension of the haemorrhage into the ventricles and is 
accompamed by deep unconsciousness and impending death There- 
for the presentation of consaousness at the onset favours the diag- 
nosis of spontaneous subarachnoid haemorrhage but, as consaousness 
IS lost m a large proportion of cases, this sign is of hrmted value only 
m differential diagnosis 

In the absence of hj^pertension, the occurrence of spontaneous 
haemorrhage, "whether purelj' subarachnoid or mamty mtracerebral, 
should alwa3’s suggest a ruptured aneirry'sm as the probable basis 
Gross haemorrhage occurring mto the substance of a cerebral tumour 
and causmg the sudden onset of signs of mtracerebral destruction is not 
common TVTien it does occur it is not usually associated vnth blood 
m the cerebrospinal fluid On the other hand, mtracerebral haem- 
orrhage due to the rupture of small aneui^’sms on the Circle of 'RTIhs 
IS co mm on and subarachnoid bleedmg is present m a great majority 
of cases Therefore, unless a case has features m the precedmg histoiy' 
vrhich are verj' suggestive of an underhing neoplasm, the diagnosis 
of haemorrhage mto tumour should be made with great caution, 
particular!}" if there is blood m the spmal fluid 

We have been able to venSy several cases of berry aneurysm with 
large intracerebral haemorrhages m which the assoaated subarach- 
noid bleedmg was vei}" shght, but we have not as yet encountered at 
autops}" a purely mtracerebral haemorrhage from aneur} sm It is 
readily conceivable that an aneuiysm deeply mbedded m the adjom- 
ing frontal or temporal lobe tissue rmght rupture directly mto bram 
substance without leavmg a trace of subarachnoid haemorrhage This 
postulation may be considered almost verified b} two of our fatal 
cases m which there was an mitial subarachnoid haemorrhage with 
temporary recover}', then later a recurrence of bleedmg entirely mto 
cerebral tissue without further subarachnoid haemorrhage seen either 
by lumbar puncture or m the postmortem speamen 

Consequently, we feel that when a young or middle-aged person de- 
velops a sudden hemiplegia without obvious basis, such as hyperten- 
sion, endocarditis or neuro5}'phihs, a ruptured ben}' aneuiysm is the 
mosthkely explanation If there is bloody cerebrospmal flmd the diag- 
nosis IS much more certam, but it remams a definite possibihty even 
without subarachnoid blood Cerebral haemorrhages, without h}-per- 
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tenaon or arteriosclerosis, have been attributed to telangiectases in 
brain tissue, but our findings lead us to believe that imbedded aneu- 
rj-sms of the Circle of Wllhs are the most common cause of such cases 
We have under obsenation three cases of this t^’pe The ages are 
thirt^'-four, thirt\- and sixteen years respectively, and none has an 
abnormal blood pressure, si'phihs or heart disease All three suffered 
a hemiplegia of rapid onset The cerebrospmal flmd was clear m two 
cases not exammed m the third In one of the cases with clear 
cerebrospmal fluid craniotomy was performed and a blood dot eiacu- 
ated from the region of the mtemal capsule Though we consider 
aneuiysm the probable lesion m each of these three cases, this is bj' 
no means proian and the cases are not mduded in the senes here 
reported 

Cerebral angioma has been recognized as a cause of repeated spon- 
taneous subarachnoid haemorrhage (\Tncent et al , 1938) It is rarely 
found m cases presentmg themselves m adult life but probably ac- 
counts for the majont}- of cases m childhood when ruptured aneu- 
ly- sms are verx* uncommon Angiomatous malformations are 
common!}' surface lesions, and, although they do not usually give nse 
to haemorrhage, when they do so it likely to be subarachnoid m situa- 
tion We have seen one such case with pathological verification 
This patient died at the age of twenU'-two m his third attack of sub- 
arachnoid haemorrhage from an arteriovenous angioma situated m the 
right cerebellar hemisphere, vermis and pons The diagnosis of these 
cases from subarachnoid haemorrhage due to aneuiysm can be readily 
made if a brmt is heard on auscultation of the skuU However, 
venous angiomas are not accompanied by a brmt and may be more 
difficult to diagnose They usually produce symptoms m childhood, 
however, and may be assoaated with nae\'i on the face and congenital 
abnormahties of the ipsdateral e 3 ’e which aid m their recogmbon 
In rare cases subdural haematoma may have to be considered, par- 
ticularly when the onset of symptoms is gradual followmg some mild 
trauma It is not common m subdural haematoma to have blood m 
the subarachnoid space and signs of merungeal irritation unless the 
trauma has been unusuall}' severe Although the onset m spontane- 
ous subarachnoid haemorrhage may be gradual over a period of days, 
the history is shorter than that obtamed m cases with subdural haema- 
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toma "wiiere it is frequentlj' progressive over a period of weeks or 
months Merritt, 1938, has emphasized the value of spmal flmd pres- 
sure readmgs m differentiatmg these two conditions The pressure 
may be high m both but m subdural haematoma there is a marked fall 
m pressure with the removal of a small amount of fluid, while m 
spontaneous subarachnoid haemorrhage the drop m pressure is much 
more gradual This means of differentiation would not apply, how- 
ever, m cases of ruptured aneur}^sms with mtracerebral extravasation 
and it IS these cases which are hkely to give the greatest difSculty m 
distmgmshmg them from subdural haematoma Occasionally berry 
aneuTj^sms on the Circle of '^Tlhs rupture directlj' mto the subdural 
space with usuall}”^ some subarachnoid bleedmg also We have seen 
two such pathological specimens, both were rapidly fatal The pos- 
sibflity of such an occurrence must be kept m mmd m certam cases 
where the sj-mptomatolog^’’ may be suggestive of both conditions 

Occasionally cases of cerebral laceration foUowmg trauma have to 
be distmgmshed from ruptured aneur^'sm preapitated by trauma 
Both will show blood}’’ cerebrospmal flmd and menmgeal irntation 
In the absence of a demonstrable fracture of the skull, the diagnosis 
must be based on the chnical course of the patient Trauma suffi- 
aently severe to cause laceration and haemorrhage is hkely to be as- 
soaated ■with cerebral concussion and the durabon of unconsaousness 
may be longer than is usual with haemorrhage due to ruptured aneu- 
r}'sm The mental and emotional disturbance foUowmg recovery of 
consaousness will likewise be more severe if trauma to the bram is the 
basis of the haemorrhage 

Large aneur}’^sms may give nse to s}Tnptoms of gradually mcreasmg 
mtracramal pressure and m their effect on neighbourmg structures 
they present a ctmical picture which may be mdistmgmshable from 
a neoplasm Carotid anemy^sms give a chnical s}'ndrome that usually 
can be easily recognized but large aneuiy^sms m other situations may 
show no distmctive s}Tnptoms Occasional!} an aneury^sm may’^ be de- 
tected by X-ray, if it has calaum m its wall, as a rounded cy stic shadow 
close to the seUa A history'^ of temporary’^ exacerbation of symiptoms 
m the presence of signs of subarachnoid haemorrhage, which can be 
attnbuted to a small leak of the aneury^sm, aids m differentiation when 
it occurs The tumours which large aneury^sms are most hkely to 



INTRACRAKIAI- ANEURYSMS 


65 


simulate are basal meningiomas, acoustic neuromas and pitmtarj'' 
adenomas A pitmtarj'^ adenoma can usually be readily distmgmshed 
from an aneuiysm by the enlargement of the sella and the erosion of 
its floor Jefferson, 1937, has drawn attention to the difficulty of 
differentiating certam antenor cerebral aneurj’sms which are exertmg 
pressure on the optic chiasma, and pituitar}’ adenomas with or without 
sudden haemorrhage mto the latter He pomts out that with an 
aneuiy'sm m that situation the inferior temporal visual fields tend to 
be affected first, whereas an adenoma will cause change m the su- 
perior temporal fields m the earty stages In late cases mth complete 
hermanopia the only means of differentiation may be by the historj’^, 
m the case of an aneuri'sm of a sudden onset with pam and perhaps 
oculomotor palsies It must be considered that a suprasellar tumour, 
either menmgioma or cyst, is hkety to affect the visual field similarty 
to an aneuri'sm In that event the X-ra 3 ’s might help m differentia- 
tion, although m certam mstances the changes in the sella and the 
situation and amount of calcification are not sufficientlj’- charactensbc 
to definitely estabhsh the diagnosis Here agam angiography with 
thorotrast may be of great aid in diagnosis 

Prognosis 

hnmcdtalc Prognosis There are a number of factors dunng an 
attach of spontaneous subarachnoid haemorrhage due to ruptured 
aneurj sms which have a bearing on the prognosis It has been shown 
that approsimatety 50 per cent of the patients seen dunng the acute 
phase of the condition recover Predictions as to which cases will 
recover and which will not are subject to considerable error due, m 
part, to the unpossibihty of f or etelhng the likelihood of further bleedmg 
However, the statistics which we have presented enable a few general- 
izations to be made 

Age of the Patients It has been shown that mortahtj- tends to be 
greater in the higher age groups Thus, the average age of the fatal 
cases was ten I'ears higher than that of the survivors However, ad- 
vanced age does not preclude recovery even when severe haemorrhage 
IS present The oldest sunavor m this series was aged seventy-two 

Underlying Disease Strauss and Tarachow, 1937, have found a 
high mcidence of underljmg disease m their cases of spontaneous 
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subarachnoid haemorrhage The3' suggest that the prognosis is the 
prognosis of the underl3Tng disease Our experience does not conform 
with theirs and the great majont3- of our patients were enj03'mg good 
health at the tune the haemorrhage occurred and had no emdence of 
an3^ underl}nng disease on e x a min ation The onl3' condition which was 
found with suffiaent frequenc3’ to render it significant was a preexist- 
mg arterial h3'pertension which was present m sixteen cases (13 per 
cent) Ten of these were fatal (62 per cent), suggestmg that the pres- 
ence of h3'pertension tends to a poorer prognosis m a case of subarach- 
noid haemorrhage 

Ctrcumslances of Onset Our observations indicate that the activity 
of the patient at the time the haemorrhage occurred was of httle im- 
portance m determmmg its onset or severit3' The great majont3’^ 
of patients were engaged m their ordmar3' routme or were m bed asleep 
when S3mptoms first became manifest A relativel3' small proportion 
were mdulgmg m some unusual exertion or had been subjected to re- 
cent trauma The mortaht3" was not essentially different m the two 
groups There is a suggestion, however, that a patient under the 
necessit3' of contmuing activit3' followmg the onset of s3mptoms is 
likel5' to mcrease the sevent3- of the haemorrhage This was il- 
lustrated m the followmg case A health3' 3mung girl, who was 
swmumng at the tune of onset, signalled distress to her sister on shore 
but the latter did not take the matter senousl3' Unable to get as- 
sistance, the patient struggled to shore and collapsed on the beach 
unconsaous Death occurred two hours later and autops3'^ showed an 
unusuall3' massive subarachnoid haemorrhage due to a ruptured 
aneur3^sm 

Loss of Consciousness Wfiien this occurs at the onset, or more 
commonly shortly afterwards, the outlook is a httle worse than m 
cases without loss of consaousness Of the sist3’^ patients m our senes 
who lost consaousness earty m the illness, 62 per cent progressed to a 
fatal termmation It would seem that m general the longer the penod 
of imconsaousness the worse the prognosis However, this does not 
hold true m all cases because five of our patients who survived were 
unconsaous from one to eight da3's 

Gross Involvement of Cerelral Tissue by the Haemorrhage This com- 
phcation Tnat-p-; the prognosis a httle worse but not so much as nught 
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be expected Tbe mortality' rate m spontaneous subarachnoid haem- 
orrhage without e\adence of cerebral damage was 47 per cent, whereas 
with neighbourhood signs it was 55 per cent K cases showing only 
cranial nen-e parah'sis are eliminated from this latter group, the mor- 
tahtj- becomes higher, nameh' 60 per cent. One might antiapate 
a higher mortality' than this m the sixty--two cases with signs of gross 
extra\’asation mto the hemispheres, in new of the much higher mor- 
tahtj- that occurs with pnmaiY' mtracerebral haemorrhage However, 
with ruptured aneurj’sms the degree of cerebral extra\*asation is de- 
termmed prmapally by the relationship that the site of rupture bears 
to the cerebral tissue Its occurrence is no mdication that the haem- 
orrhage is unusually large or grave 
There are several reasons why the prognosis is better in cases with 
mtracerebral haemorrhage due to ruptured aneun-sms than m those 
with primaiy mtracerebral haemorrhage The latter is practically' 
always associated with hj-pertension and cerebral vascular disease and 
it has been shown that patients, on the average, are older and would 
therefore have less recuperative capaaty- Also with primary* intra- 
cerebral haemorrhage there is likely to be much more sey'ere and rapid 
destruction of tissue than with haemorrhage due to ruptured berry* 
aneury'sms In the latter the force of the haemorrhage is lessened 
because the source of bleedmg is commonly m communication ■with 
the subarachnoid space and a partial escape usually occurs by tbit; 
route 

S UTTV'ary Approximately 50 per cent of the cases recover There- 
fore the prognosis is much better than m primary* mtracerebral haem- 
orrhage In a given case however, the immediate progno^ may be 
difficult to assess unless the haemorrhage is very* mild or very* severe 
This IS largely due to the possibhty* that the bleedmg -will contmue or 
recommence In the majority* of cases there is no evidence of anv 
underly*mg disease so that this is not of much assistance m makmg 
a prognosis The present of hy^pertension howey*er makes the prog- 
nosis a httle poorer and the mortahty* is a httle greater m the older 
age groups Unconsaousness at the onset is not necessarily of bad 
prognostic significance unless it is prolonged The circumstances at 
the time of onset do not significantly affect the prognosis unless the 
patient is required to make strenuous efforts after the haemorrhage 
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has started Extension of haemorrhage from ruptured aneur3’’sms mto 
cerebral tissue favours a poor prognosis but not by any means so bad 
as m primary mtracerebral haemorrhage 

Ultimate Prognosis In November, 1938, ive endeavoured to make 
contact ivith all the survivmg patients in this senes As a result of 
this foUoir-up vre are able to report on the developments subsequent 
to discharge from hospital m thirty-seven (63 per cent) of those pa- 
tients survivmg the mitial illness Twenty-eight of these were re- 
e x ammed by us, letters were received from seven descnbing their 
present status, and the remaming two died m the mterval 

Table 5 summarizes the findmgs m these thirty-seven patients As 
would be expected, there is a much higher mcidence of patients free 

TABLE 5 

Present Status of 37 Cases of Spontaneous Subarachnoid Haemorrhage 


Discharged from hospital 1928-1938, re-esamined 1938-1939 The tune between 
hospital admission and re-esammation vaned from 6 months to 10 j ears, with an average 
of 4 jeais 
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of s}miptoms m the group with uncomphcated spontaneous subarach- 
noid haemorrhage but the majonty of the twenty-six patients with 
signs such as hemiplegia, aphasia, hemianopia, etc , while m hospital, 
have shown a marked degree of recovery from the severe disabihty 
present at the onset There remam only six survivors showmg signs 
of cerebral mvolvement by the haemorrhage dunng their attack who 
were not followed up On discharge, three of these were almost free 
of symptoms, the other three showed gross mtellectual impairment, 
optic atrophy and hemiparesis respectivety 

Our expenence mdicates that a patient who recovers from an at- 
tack of spontaneous subarachnoid haemorrhage without neighbour- 
hood signs will, m all probabihty, suffer no permanent residual 
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sj-mptoms \\Tiere complete cramal nerve paralysis, usually oculo- 
motor, IS tiie prmapal or only neiglibourliood sign recover^' ol the 
function of the nen-e is likely to be mcomplete but m imld partial 
paralvsis there may be no permanent disabihty Cases ivith signs 
and s\Tnptoms of haemorrhage extendmg mto the hemispheres may 
present a difficult problem m prognosis It is frequently impossible 
to predict hovr much recovery* inll occur until the patient has been 
obseri'ed for several weeks or even months Patients with e\ndence 
of marked cerebral mvolvement m the early stages may show a re- 
markable degree of recover!', whereas those with apparently less severe 
signs may be left with residual disabiht!' The si.'mptoms due to 
subarachnoid haemorrhage sometimes mask the manifestations of 
cerebral damage at the onset and prognosis should always be guarded 
until the patient is suffiaently cooperative that the chnical findmgs and 
progress can be correctly evaluated 
As previously descnbed, we consider that residual signs of herm- 
sphere lesions (paralysis, dementia, aphasia and hemianopia), are ac- 
counted for by “memngocerebral” haemorrhage Another explana- 
tion offered for persistent focal cerebral signs after subarachnoid haem- 
orrhage is thrombosis of the artery from which the aneuri'sm arises 
This was seen m one of our autops}' cases and was presumed to occur 
m one non-fatal case It has been reported by other obseivers 
Enzer and Schwade, 1937, reported a case, verified at postmortem 
examination, with thrombosis of the right middle cerebral arterx* at- 
tnbuted to a ruptured aneurism The}' stress the importance of 
thrombosis m cases of ruptured aneuiysm as a cause of mcreasmg 
simptoms, despite demonstrable improx'ement m the cerebrospinal 
flmd Jefferson, 1937 has also emphasized the relationship of pos- 
terior cerebral artenal thrombosis to an aneurx'sm pomtmg out that 
aneuiysms of the limbs commonl!- predispose to thrombosis How- 
ever, if thrombosis is a common aftermath of ruptured mtracramal 
aneur\'sms it should be seen more often at postmortem exammations 
Its mfrequenc}-, as compared with extrai-asation of blood mto cerebral 
tissue, mdicates that the latter is a much more common cause of per- 
manent disabiht!' foUowmg rupture of aneim'sms 
iTulltplc Atlacks of Spontaneous SwbaracLnotd Hacrrorrhagc A verv 
important consideration m prognosis m spontaneous subarachnoid 
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haemorrhage is the question of the habiht}' m anj’’ given case to sub- 
sequent attacks In this senes multiple attacks were comparative!}' 
infrequent We have considered as cases with multiple attacks only 
those where there has been a definite remission of at least two months 
between the recover}’’ from one attack and the onset of another Ex- 
acerbations of bleedmg, while under obseri'ation m hospital, are com- 
mon and have been regarded as recurrences of the same haemorrhage 
before heahng has taken place and not as separate attacks of haem- 
orrhage 

A histor} mdicatmg that a pre\'ious attack of spontaneous subarach- 
noid haemorrhage had occurred was ob tamed m elewn of the 118 
cases on admission to hospital In the follow-up of thirU'-seven sur- 
vi\'mg patients, it was found that only five had suffered attacks sub- 
sequent to the one which brought them under observation Of the 
sixteen patients known to have had multiple attacks, three are dead 
and eight are kno-wn to be ahve at the present time Death m these 
three mstances was due to spontaneous subarachnoid haemorrhage 

Four attacks were the maximum number recorded in this senes as 
occurnng m one mdindual Each of three patients has suffered four 
attacks Three other cases each had three attacks and the remammg 
ten each had two The longest remission between two attacks m one 
mdindual was eleven } ears and, m the majorit}’’ of cases, the mten^al 
between attacks was more than five years The average mter\^l m 
the three fatal cases between the mibal attack and the attack m which 
they died was five and a half years The average penod smce the 
initial attack in the eight sumvors, who are at present under observa- 
tion, IS approximately seven }ears 

It IS not easy to obtam any clear idea as to what factors predispose 
an mdixadual to multiple attacks Age does not seem to be important 
because m this group the ages \’aned from twent}' to sixt}'-five } ears 
Onlv three of the sixteen patients had h}'pertension, gl^■mg an ma- 
dence approximately the same as m those cases not ha\mg multiple 
attacks A consideration of the patient’s occupation does not mdi- 
cate a greater habiht}- to multiple attacks m those engaged in strenuous 
work The seventy of the mitial attack is no mdex of the habdity 
to further attacks Patients have been followed after an extremelv 
severe course m hospital with repeated exacerbations of bleedmg and 
on recover}' they have earned on their ordmai} actn'ities lor years 
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Without recurrence. On the other hand 5ei"eral of the patients with 
multiple attacks had relatii-ely mild mitial illnesses and with the 
subsequent haemorrhages were much more seriously ill 
It seems probable that a competent walling off by adhesions at the 
site of rupture will render future attacks less likely to occur It is 
posable that this takes place more effectively in a sei^ere attack par- 
ticularly if the patients are not allowed to resume actiMri- too soon 
and receive a period of rest at the time of them attack sufficient for 
adequate heahng to occur The treatment employed will be con- 
adered m detail in the nevt secffon, and it undoubtedly is an important 
factor in prognosis Ayer 1934 has suggested that spontaneous cure 
of aneuiysms may take place by thrombosis of the sac This might 
occur without rupture but it is reasonable to suppose that, after rup- 
ture and the formation of a clot at the site thrombosis of the aneu- 
r\'5mal sac is rendered more hkely. Strauss and Tarachow 1937. 
ha^•e suggested that a pro^d or presumptive histor\' of preffious at- 
tacks makes the prognosis of the presenting attack better. Our 
figures would tend to support their opinion because the mortahtj' m 
ail cases was 52 per cent whereas the mortahti* in the cases with mul- 
tiple attacks was only 17 5 per cent Although there are ob\nous 
sources of error m these figures as they are not complete it is at 
least justifiable to conclude that the mortahti* is no greater in sub- 
sequent ruptures than in the mitial haemorrhage 

Sujrti cry The ultimate prognosis is good in cases reco'cenng from 
pure spontaneous subarachnoid haemorrhage the patients usually 
ha^-lng no residual sjuaptoms Even where etidence of cerebral 
in\-olvement by the haemorrhage is present the majonti’ of patients 
recover with httle residual disabihti' Gross destruction of cerebral 
tissue IS the commonest cause of severe signs which are permanent 
and much le^ commonly, thrombosis m an arter\- upon which the 
aneUTj-sm is atuated may cause permanent damage Multiple at- 
tacks were not common in this senes and it would seem that their 
danger has been o^■eremphaslzed 

TrcatiraA 

The most important factor in treatment is complete rest m bed 
In an uncomphcated case without exacerbations of the haemorrhage 
the jienod of rest should not be less than six to eight weeks Patients 
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With hypertension should probably be kept at rest for somewhat 
longer periods In many mstances where recurrence of the bleedmg 
occurs even while patients are at rest, it will be necessary to keep 
them m bed for a considerably longer time No patient should be 
allowed up until free of such symptoms as headache, stiff neck, 
vertigo, etc for at least four weeks The importance of this cannot 
be overestimated Some patients improve verj’’ rapidly foUowmg 
admission to hospital and it is a temptation to yield to them request 
that they be allowed up To do so, however, may result m serious 
consequences as m the following case 
A man, aged 31, was admitted to hospital on January 29, 1934, 
with the historjf of a sudden pain in the back of the neck a few hours 
before while workmg, followed shortly by nausea, vomitmg and col- 
lapse Exammation showed the neck to be stiff but no other physical 
signs The cerebrospmal fluid contamed gross blood Daily lumbar 
puncture was done with removal of small amounts of bloody flmd 
By February 1 the fluid w^as free of blood and the patient feelmg very 
much improved He was allowed to return home on February 10, 
as he was entirely symptom-free and exammation w’as negative On 
February 12 he was out walkmg during a storm when he suddenly 
coUapsed and died withm thirty rmnutes Postmortem exammation 
showed severe subarachnoid haemorrhage, mamly at the base due 
to the rupture of an aneurysm on the basilar artery 
It IS reasonable to suppose that if this patient had been kept at 
complete rest until organization of the clot at the site of the rupture 
was complete, he probably would have suffered no recurrence of his 
haemorrhage when allowed to resume ordmary activity Themterval 
necessary for organization to occur cannot be estimated accurately 
but it IS probable that it would require not less than four weeks fol- 
lowmg subsidence of the haemorrhage and it would seem safer to allow 
SIX to eight weeks to elapse before commencmg even moderate activity 
When it is deemed safe to allow patients up, the return to ordmary- 
activity should be very gradual and any strenuous exertion avoided 
for at least four months after the bleedmg has stopped 

The patient should receive good nursmg care durmg the acute 
phases of his lUness and can be treated best m hospital The head 
of the bed should be elevated to aid m reducmg the mcreased intra- 
cranial pressure Gkiod nursmg can do much to allay restlessness but 
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the judiaous use of sedatives is usua% necessarj- We have found 
codeia and aspmn quite satisfactory’- for the rehef of pam in most 
cases Bromide and chloral or phenobarbital are of great aid m con- 
troUmg restlessness and imtabdity' and m promotmg sleep The 
hovels should receive very careful attention The patient should 
be vamed at the outset to avoid strammg on the bed-pan One of 
our cases vho had passed the acute stage and vas apparently recover- 
mg, died suddenly from recurrent haemorrhage vhile on the bed-pan 
Liquid paraffin admmistered several times a day -vith a small enema 
every tvo day s, if necessary, is usually suffiaent The mtravenous 
admimstration of hypertonic solutions appears to be of value m cer- 
tain severe cases vho remam comatose, by permittmg a temporary 
improvement m the cerebral circulation through a lessenmg of the 
oedema 

The subject of spmal dramage m these cases has given rise to con- 
siderable controversy Ay’er, 1934, strongly opposes repeated dram- 
age of the bloody cerebrospmal fluid on the grounds that the reduction 
m pressure may' mterfere -with the processes of heahng at the site 
of rupture and lead to further bleedmg hlemtt, 1938, on the other 
hand, states that the danger from dramage has been overemphasized 
He advocates removal of suffiaent bloody fluid to bnng the pressure 
to normal tvice daily’ for the first fev days and once daily thereafter 
until the flmd is clear One of us (Hyland), vntmg on this subject 
m 1933, advocated dculy' spmal dramage -vith very slov remo-val of 
the flmd Hovever, subsequent e^enence has made us question 
this method of treatment because ve do not beheve it is without 
danger and its value remams to be proven We have attempted to 
evaluate the efficacy of spmal dramage m the treatment of spontane- 
ous subarachnoid haemorrhage by' makmg a surv’ey' of forty'-nme of 
the sur\'ivmg cases m this series Tventy-six of these patients had 
from four to twenty' lumbar punctures -with withdrawal of from ten 
to thirty cubic centimetres of cerebrospmal flmd on each occasion, 
at suffiaently close mtervals to be termed treatment by’ spmal dram- 
age The remammg twenty-three cases had from one to four lumbar 
punctmes each -with remo-val of smaller amounts of cerebrospmal flmd 
at longer mter\'als for the purpose of diagnosis, rehef of symptoms and 
estimation of progress 

Thirty of the forty -nme cases have been followed to date Four- 
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teen have remained sjnnptom-free with no residual signs and no re- 
currence of haemorrhage for periods up to seven j’^ears Six of these 
were treated b}’’ spinal dramage and eight were not Four of the 
other sixteen patients had subsequent recurrences of haemorrhages, 
two haATng been treated bi* repeated dramage and two not having 
received this treatment The twelve remaming cases showed residual 
signs or sjTnptoms of varAung seventA', namelA- — ^headaches, ps 3 choses, 
nuld dementia, ocular parah’ses, convulsion, paresis of limbs and 
aphasia Six of these had been treated bj' dramage and six had not 
There was no eAudence that the nature of the residual sATnptoms bore 
an}' relation to the adimnistration or to the mthholdmg of this treat- 
ment Of the tvo cases mth severe psychoses which persisted fol- 
lowing the harmorrhage, one receu’ed seventeen spmal dramages but 
the other was not treated by drainage B oth cases with mild dementia 
following the attack received spmal dramage 
The above figures tend to substantiate the clmical impression which 
we haA'e gamed that spmal dramage m cases of spontaneous subarach- 
noid haemorrhage is not an essential part of the treatment There 
was no eAudence obtamed that dramage lessens the mortaUty, tendenc}' 
to recurrence, or the residual S}'mptonis after recover}' from the haem- 
orrhage There are, however, certam cases m which removal of a 
moderate amount of bloody fluid causes immediate and marked re- 
bel m the s}Tnptoms and where repetition of the procedure seems to 
shorten matenally the duration of the acute S}Tnptoms Its use as 
a method of treatment should probably be confined to cases of this 
sort and not as a routme method of treatment Cases sometimes 
become worse foUoAvmg drainage, due, no doubt, to mcreased bleedmg 
as a result of the reduction m pressure betore proper organization of 
the clot had occurred at the site of the rupture For this reason, if 
dramage is deaded upon, the flmd should be remoA'ed slowly and m 
QTTiall quantities Any sudden drop of pressure is an mdication to 
stop the procedure at once As a result of Bagley’s (1928) work on 
the effects of experimental subarachnoid haemorrhage m dogs, it has 
been considered a possibihty' that meningeal adhesions and cortical 
damage nught follow if the foreign blood m the cerebrospmal fluid 
was allowed to remain Pathological and clinical expenence in the 
human does not support this Anew and the indications are that the 



INTRACRANIAL ANEURYSMS 


75 


breakdown products of haemoglobin can be adequately dealt with 
m the subarachnoid space 

Tn summing up, we believe that in a given case lumbar puncture 
should be earned out on admission for diagnosis and subsequently 
if any exacerbations of symptoms occur Relatively small amounts 
of fluid should be removed slowly on each occasion If a patient is 
showmg progressive improvement, there is no justification for carrj mg 
out spmal dramage In certain cases where the patient has obtamed 
immediate and marked relief after the first puncture and subsequently 
appears to remam stationaiy with persistent sjnnptoms, the procedure 
may be repeated cautiously The fact that it confers no ultimate 
benefit on the patients and that it is not without danger, renders it 
inadvisable as a routine procedure 
Surgical Treatment of Aneurysms Formidable chfBculties have been 
encountered in attempts to treat berry aneurysms directly by surgical 
exasion or by ligation of the carotid artery Angiography with thoro- 
trast usually enables localization of an aneurysm, but is a procedure 
not entirely free from danger Dandj’- (Matas, 1938) has successfuUy 
tied off the neck of an aneurysm without ligating the artery m one 
case This procedure, though ideal, must rarely be feasible because 
of the tendency for the aneurysms to be attached by a verj’’ short 
neck to large artenes The simpler operation of ligatmg the carotid 
artery m the neck has been found of value m some cases The re- 
sults obtamed are vanable and unpredictable because of our very 
limited knowledge of collateral circulation in the bram The relative 
infrequency of recumng leaks from aneurj^sms, m this senes, suggests 
that artenal ligation should seldom be considered as a means of pre- 
venting later haemorrhages Surgical efforts should probably be re- 
stneted to the larger aneurysms causmg local pressure sjTnptoms 

The danger of causmg cerebral infarction, when the carotid artery is 
ligated, can be estimated, and usually prevented, by prelirmnary re- 
peated compression of the artery, as m the foUowmg case 

Case 10 H B , a domestic, aged 33, was admitted to hospital on Febru- 
ary 18, 1938 She had been well until October 24, 1937, when she was 
awakened durmg the mght with very severe pam m the right occipital 
region accompamed by vomitmg The pam lessened m severity after 



76 


J C RICHAIIDSON AND H H HYLAND 


about fifteen minutes but on the following day, she suffered from a per- 
sistent pam m the right frontal region, chiefly localized behmd the right eye, 
which contmued up to the time of admission to hospital On October 26, 
two days after the onset of pam, she suddenly developed ptosis of the right 
upper e3'ehd and double vision on openmg the lid with her finger This 
condition remamed unchanged until admission but the pam behmd the 
right eye became considerably less severe Exammation showed a complete 
paralysis of the right third nerve J7o other abnormal findmgs were 
detected The cerebrospmal flmd was 100 mm and apart from a famt 
j eUow tmt, it was negative 

Diagnosis An aneurj'sm situated on the right mtemal carotid artery 

On FebruaiW'^ 23, 1938, 20 c c thorotrast were mjected into the right 
common carotid artery X-raj's rev'ealed a rounded shadow, measurmg 
about 1 cm in diameter, situated lateral to the sella turcica This was 
presumed to be an aneurysm arismg from the right internal carotid artery 

From Afarch 15 to April 25, 1938, daily digital compression of the right 
common carotid artery was carried out, gradually mcreasmg the period of 
compression At first the patient complamed of some paraesthesia m the 
left upper hmb but after a few days this ceased to occur with the compression 
and finally the artery could be compressed for forty-five minutes without 
the patient evperiencmg any symptoms On April 25 a chp was placed on 
the right common carotid arterj’- with no ill-effects and the patient subse- 
quently was discharged from hospital She returned on July 7, 1938, and 
stated that she had bad no headache whatever smce discharge The ocular 
paralysis was unchanged Under local anaesthetic, the right mtemal 
carotid artery was tied off Shortly after this procedure, the ocular paraly- 
sis commenced to miprov’'e and by January, 1939, the ptosis had completely 
recov'ered and the power of the extrinsic and mtrmsic ocular muscles had 
returned almost to normal 

In this case, the onset of the third nerve paralysis was not ac- 
companied by any severe spontaneous subarachnoid haemorrhage 
The aneurysm was demonstrated by angiography and appeared to be 
situated at the carotid bifurcation, probably closely apphed to or 
even adherent to the third nerv^e In our experience aneurysms of 
the internal carotid artery are more common m this situation than m 
the cavernous smus where the sixth and fourth nerves would probably 
be affected equally with the third 

The data available are not sufficient to assess accurately the value 
of extracranial ligation but it is assumed that the reduction of pres- 
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siire, Trhidi occurs m the aneur^-sm foUovrmg the cessation of blood 
flow through the internal carotid on that side, may result in the relief 
m pressure symptoms and protect the patient agamst subsequent 
rupture of the aneurj'sm 

StrUSIARY AivD coitcx'nsioxs 

riimral and pathological observ'ations based on 118 cases of spon- 
taneous subarachnoid haemorrhage and eight large unruptured aneu- 
13*51115 causmg local pressure have been presented The pathological 
material also mduded mne cases of unruptured aneun-sms found onl}' 
at autops}' 

Ruptured aneuin'sms of the Circle of WTUis and of the proximal 
part of its branches accoimted for the vast majorit}* of the fatal cases 
of nontraumatic subarachnoid haemorrhage In thirtx'-four of such 
cases, a ruptured berr 3 ' anemysm was found in twentx'-seven, and an 
angioma in one In the other six cases there had been an apparent 
rupture of an arter}* at the base of the bram but no bleedmg point 
was foimd Four of these cases occurred m the earher half of the 
eleven- 3 -ear period of this re^^ew and it is likeh' that a careful search 
for aneuysm ma}* not have been made In the past five 3 ‘ears, when 
a more meticulous dissection of the artenes was earned out, onl 3 ' two 
of twent 3 --four cases failed to \ueld an aneur3'5m In those two 
cases no other cause was found and there ma 3 * have been aneui 3 *sms 
hidden or blown off b 3 ’ the massive haemorrhages 

At autops}* fift 3 --three aneuiv-sms were studied m forty cases 
Fifti'-one of these anemv-sms were rounded and saccular, occurring 
at bifurcations The}* are of the tjpe considered developmental m 
origm, but as we do not feel the proof of this aetiolog 3 * to be conclu- 
sive, we have preferred the term “ben 3 * aneuiv'sm ’ Thei* were 
assodated either with healthy vessels or with vaiymg degrees of 
artenosderosis There were two cases of fudform aneur 3 'sm of the 
basilar arteri* which were thought to be definiteli' caused bi* arteno- 
sderosis The histological findmgs of the aneuri'sm walls have been 
desenbed 

Points of bifurcation of middle cerebral and basilar artenes were 
studied histologicaIl 3 ' m seven cases of I'anous ages without aneu- 
ri'sms and in one case with an aneuiv'sm on another cerebral artei^* 
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Five of the eight cases showed medial defects, as described by Forbus, 
1930, and in tw’O cases there were microscopic aneurysms No con- 
tnbution to the aetiology of berry aneurysms can be made from this 
work We beheve that the medial defects are probably develop- 
mental and play a part in causmg aneurysms, but that there is an- 
other unrecognized acquired lesion which causes degeneration of elastic 
tissue 

In exammmg the brams of cases of fatal aneurysmal haemorrhage, 
we were particularly impressed by the frequency of intracerebral 
haemorrhage, often of large size, and in some cases greater than the 
subarachnoid haemorrhage Such mtracerebral ruptures tend to oc- 
cur from a beriy aneurysm which is nestmg m the adjoinmg cerebral 
cortex, and there was frequently a precedmg subarachnoid haemor- 
rhage These haemorrhages occurred pnmanly mto temporal and 
frontal lobes from aneurysms at the carotid bifurcation, on the middle 
cerebral artery, or on the anterior cerebral and commumcating ar- 
tenes 

The frequency, age, and mortality of prunarj’’ artenosclerotic mtra- 
cerebral haemorrhage have been compared with those of spontaneous 
subarachnoid haemorrhage over the same eleven-year penod There 
were 148 cases of pnmary mtracerebral haemorrhage and 118 cases of 
spontaneous subarachnoid haemorrhage Autopsies were performed 
on thirty-three cases of massive nontraumatic subarachnoid haem- 
orrhage, and sixty-seven cases of pnmary mtracerebral haemorrhage 
m the same penod The mortahty of mtracerebral haemorrhage was 
88 per cent (as nearly as could be determined), and of subarachnoid 
haemorrhage 52 per cent It is of interest that massive intracerebral 
haemonhage from berry aneurysms, or menmgocerebral haemorrhage, 
was foimd m nmeteen autopsy cases 

The average age of the Ccises of spontaneous subarachnoid haem- 
onhage was forty-six, with 60 per cent under fifty In primary mtra- 
cerebral haemonhage the average age was fifty-nme, with 70 per cent 
over the age of fifty 

Survivmg and fatal cases have been reported which illustrate the 
r-1inira1 syndromes of aneurysmal rupture, such as spontaneous sub- 
arachnoid haemonhage, cramal nerve mvolvement, and hemiplegia, 
hemianopia and aphasia, from mtracerebral haemonhage Cases in 
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this latter group have been stressed to shovr the pathological correla- 
tion of the rbniral sjTidromes of temporal and frontal lobe haemor- 
rhage from aneurysms Case 4, a young man vnth hemiplegia and 
aphasia, is particularly impressive in that a calcified aneurysm could 
be seen and it vras possible to observe a progressive dilatation of the 
left lateral ventncle b}- three encephalograms m a four-year period 
Cases 5 and 6 are similar cases of temporal lobe haemorrhage, -with 
fatal outcome and pathological verification Frontal lobe haemor- 
rhage vath dementia is illustrated by Case 7 Two unusually large 
aneurA'sms causmg tumour S 3 ’mptoms have been reported One of 
these presented a cerebellopontme angle sjmdrome, and the other had 
a prolonged dementia from frontal lobe compression 

The chnical features of the cases of subarachnoid haemorrhage have 
been suiveyed m some detail with reference to precedmg disorders, 
nature of onset, localizmg signs, ophthalmoscopic findmgs, cerebro- 
spmal fluid changes, and multipliatj* of attacks Diagnosis, prog- 
nosis and treatment have been discussed m the hght of our own 
observations 

H 5 'pertension was the onlj’- constitutional disorder preceding at- 
tacks of subarachnoid haemorrhage with sufficient frequency to be 
considered of significance In sixteen cases there was known pre- 
existmg vascular hj’pertension In onlj' four cases was there a 
history of migrame, so that we were unable to substantiate that re- 
lation between migrame and mtracramal aneuiy^sm which has been 
postulated There was onlj- one case of neurosyphihs and one case 
of diabetes meUitus in the senes The majonty of cases had no 
sjTnptoms precedmg the onset of haemorrhage Fourteen patients 
had sufiered headaches over a long penod, and eight had attacks of 
vertigo A precedmg mtellectual detenoration for longer than one 
3 'ear was present m three cases, and two of these sufiered a fatal rup- 
ture of an aneurysm m the region of the antenor communicatmg ar- 
tery Trauma bore a possible relationship to the onset of spontaneous 
subarachnoid haemorrhage m ten cases In four cases a mild head 
mjur}’ had occurred withm one week, and four patients had sufiered 
severe head mjunes from one to six months premousty 
In lOS cases, where the information was available, the haemorrhage 
began during strenuous exertion m onl}" fourteen Fifty-five cases 
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had their onset during ordinary activity, and sixteen began during 
sleep or on awakening Three patients suffered their attacks immed- 
latelj' after mild trauma There was a surprising^ high mcidence of 
unconsciousness, which occurred m twent^'-mne cases with the onset, 
and m thirtj'-one cases soon after the onset Commlsions occurred m 
onl}’’ 9 per cent of the cases The usual onset was one of sudden, 
severe headache Transient signs such as mental confusion, sluggish 
pupillar}' reactions, sluggish or absent tendon reflexes and extensor 
plantar responses occur often, followed complete recover^’’, and are 
probabl}' due pureh* to subarachnoid bleedmg Cramal nerves were 
affected m eighteen cases of spontaneous subarachnoid haemorrhage, 
the third nen’-e was most frequently mvolved 

Hemiplegia, monoplegia, aphasia, hermanopia and heimanaesthesia, 
singl}' or m combmation, were encountered m sixt^'-two cases with 
spontaneous subarachnoid haemorrhage In mneteen of these there 
was postmortem verification, showmg that the usual cause of such 
focal cerebral signs was gross haemorrhage mto cerebral tissue from 
an aneurj-sm of the Circle of Wflhs The clmical findmgs correspond 
with the high mcidence of rupture mto cerebral tissues encountered m 
the total postmortem specimens of fatal aneurysmal rupture The 
case reports mclude cases in which such signs of mtracerebral haem- 
orrhage were of much greater prommence than the manifestations of 
memngeal haemorrhage We have also mentioned three cases of 
sudden hemiplegia due to mtracerebral haemorrhage m 5'oimg non- 
hypertensive persons, with the suggestion that they are probably 
caused by ruptured berrj' aneurj^^sms The clmical sjmdromes, pro- 
duced b}’’ temporal and frontal lobe haemorrhages from berr>’' aneu- 
rysms, have been discussed 

Prognosis m spontaneous subarachnoid haemorrhages has been 
considered m detail The immediate prognosis m an mdindual case 
may be very difficult The outlook is a httle worse m older persons 
or m those with a precedmg hj’pertension The mortahty is onty a 
httle greater m those who lose consciousness at the onset, but several 
cases with deep or prolonged unconsciousness have survived Signs 
of mtracerebral bleedmg, such as hermplegia, aphasia and hemi- 
anopia, make survnval a httle more uncertam If there has been one 
or more precedmg attacks, the prognosis is no worse and possibly is 
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a little better The ultimate prognosis m a survivmg case of pure 
subarachnoid haemorrhage is good, and such cases commonly have no 
sequelae A case with complete hermplegia, hemianopia, severe 
aphasia or dementia vaU retam these signs to some degree, but mcom- 
plete lesion often show complete recoveiy Thirty-seven cases have 
been followed from one to eleven years after their haemorrhage and the 
results are tabulated Eleven are perfectly well, fifteen have mild 
residual signs, eight have severe residual signs, and two have died 
Only five of these patients had suffered recurrences of haemorrhage 
Two or more attacks of spontaneous subarachnoid haemorrhage are 
known to have occurred m only sixteen cases (1-4 per cent), and the 
greatest number of attacks suffered by one mdividual was four 
Treatment of spontaneous subarachnoid haemorrhage is, primarily, 
complete rest aided by careful nursmg and sedation We have found 
no essential difference m the outcome of cases treated with and with- 
out repeated spmal dramage, and we beheve lumbar punctiues should 
be done only for diagnosis, and then as mdicated for rehef of 
symptoms 

The authors wish to thank Professor Dimcan Graham for permis- 
sion to report the cases used m this study and Professors Boyd and 
Lmell for permission to pubhsh the pathological observations 
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Parorv-sraal pak\- of the skeletal musculature may be ideutmed 
from the prototype familial periodic paralj'sis The conditiou is 
recognized chmcally by the devdopmeut of intermittent attacks 
of fiacdd parali.'sis of the muscles of the extremities^ loss of deep re- 
flexes and loss of exatabihty to electrical stimulation of nerves and 
muscles There is no impairment of mental faculties- The etiology' 
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of the paralysis is probably functional m so far as no gross anatomical 
changes maj'’ be demonstrated regularly m the spinal cord, peripheral 
nerves or affected muscles 

An exhaustive survey of the hterature on periodic paralysis consti- 
tutes the basis for this review The bibhographic investigation was 
considered to be desirable m order to construct a more satisfactory 
definition of the clmical picture than has been presented heretofore 
m current hterature Durmg this pursuit it occurred to us, as it has 
occurred to others previously, that periodic paralysis is a sjmdrome 
rather than a disease entity and that the famihal tj^ie may be but 
one of several This opmion was expressed admirabty by Taylor 
(88) in 1898 “The term farmlj^ periodic paralysis is purely chnical 
and descnptive, and should be definitelj' understood If through a 
certam poverty of words we occasionally speak of the sjmiptom- 
complex under consideration as a disease, it is merely as a matter of 
convenience, and m no way is mdicative of a dogmatic behef that a 
penodic paralysis, as such, can it itself represent a pathological entity 
Our feehng, rather, is that we are deahng here merely with a sjmiptom, 
or symptoms of extraordinary constancy, whose etiology and patho- 
logical anatomy, are as yet wholly obscure ” 

We are m agreement with this sentiment and beheve that evidence 
is available now to support it A separation and allocation of cases 
of periodic paralysis mto more than one category was suggested first 
by those cases which appeared sporadically as opposed to those which 
appeared m famihes m which other members were aflhcted also It 
was noted, further, that some patients suffered attacks of paraplegia 
foUowmg bouts of malaria, others eigierienced similar difficulty m 
association with enlargement of the thyroid A recently discovered 
link m the cham of evidence which supports Taylor’s contention has 
been denved from the study of Addison’s disease Following ex- 
cessive assimilation of desoxj^corticosterone acetate durmg the treat- 
ment of patients with adrenal msuffiaencj, attacks of temporary 
paralysis of the skeletal musculature have been observed It is of 
mterest that the chnical picture of periodic paralysis which is mduced 
by overtreatment with this sjmthetic hormone is not unhke certain 
other types of paroxj'smal palsy 
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PEAi; OP PRESEYTATION* 

The presentation of the several aspects of penodic paralj'sis follows 
the orthodox plan Throughout the revievr, it is assumed that the 
pathogenesis of penodic paralysis is uniform irrespective of the 
etiologic factor or factors which sen'e as matmg agents Although 
experimental proof for this assumption is mcomplete, dmical e\idence 
substantiates it. In the section on Xosography, a hberal mterpreta- 
tion of the dmical s^mdrome is adopted In the discussion of Ina- 
dence, unless otherwise stated, reference will be restncted to patients 
with hereditary- penodic paralysis or sporadic paralysis not assoaated 
with a comphcating disease such as malana In the other sections, 
particularly that of Climcal Descnption strict adherence to the 
recognized famihal type is mamtamed This seemed desirable 
because the number of cases of famihal penodic paraly sis comprise 
a majonty of the total cases of penodic paralysis of aU types that have 
been mvestigated with meticulous care and reported 

Studies of the constituents of the blood and unne have been made on 
few patients with penodic paralysis Notably lackmg m this respect 
are studies on patients with the paralysis which is assoaated with 
malana and thyroid dyscrasias Complete metabohc studies of intake 
and output are rare, some which we have made on a patient with 
sporadic penodic paralysis are presented under Laboratory Studies 
A case report of this patient is appended 

DEFixrnox 

Penodic paralysis is a good descnptive appellation and will be used 
in this discussion for the symptom complex Other terms which have 
been employed m the past mclude paraplegia spmahs intermittens 
nervosa, Shakhnowitsch (S3), nocturnal paraly-sis, Fere (24), night 
palsy, ^IitcheU (57), exhaustion paralysis, malanal paraplegia, 
Suckhng (172), paroxysmal paralysis, paroxysmal myoplegia, Kirk 
and MoUer (133) , penodic spmal paralysis, Oddo-Audibert paralysis, 
asthema paroxysmahs Bomstem (101), myatoma penodica K.ulne£t 
(49), parental penodical paralysis. Booth (11), penodic family- paral- 
y-as and famihal penodic paralysis The employment of eponymic 
terms for the syndrome is disapproved because of the difincultv of 
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deciding ■who described the malady ongmally There are two criti- 
cisms against aUo'wing the term famil}’’ periodic paratysis to assume 
genenc sigmficance JIany cases of penodic paralysis appear spo- 
radically and not m families Secondly, it is preferable to designate 
such afflictions which may be transmitted from parent to child as 
hereditary rather than famihal The disease entity “paraplegic 
fa mi lial spasmodique” of the French, [Marmesco (205)] or heredo- 
cerebral ataxia is not to be confused 

NOSOGEAPHY 

Contemporary hterature ascnbes to Cavare (107) the first descnp- 
tion of penodic paraljsis The patient reported m 1853 by the 
French dimcian was a 24 j^ear old female who suffered from attacks 
of general paratysis of from 5 to 8 hours duration Jvo reference is 
made to a concomimtant malanal infestation, but this seems likely 
because the patient had a quotidian tjqie of fever which subsided as 
did the attacks of paralysis -with qumme medication There are 
other reports of penodic paralysis earher m the nmeteenth century 
than this but these are antedated by a century by a clear-cut descnp- 
tion given by hlusgrave (148) in 1727 His complete report "without 
re'vision is as follows 

In Aug 1687 I was desu’d by a poor Woman, at Astrop-WeJls, to look 
on her Daughter They came from SUnv m Gloucestershire (as th^ had 
often done before) for Work The Daughter was about 21, of a Sangume 
Complexion, and as to pnvate matters well enough* She had been for several 
Days less active than usual and after that, had (a Week before I saw her) 
lost her Speech, and the use of her Legs, she had httle or no sense of Feehng 
m them, and the Left Leg was drawn up as m a -violent Cramp Her 
Ruddj’’ Sangume Look directed Bleedmg, but that did not reheve her I 
then gave her Spirit of Sal Ammon Succinoted, Steel with Gentian, Amber, 
Castor, and other warm Cephaheks A Bhster was laid on her Neck A 
Bath of (Wormwood, and other hot Herbs) prepared for her Legs, Vng, 
Martiatiim used to anomt them after Bathmg By these Means, she was, 
m the space of 3 T>a.ys, able to speak agam, and m a httle time, by the help 
of Crutches, able to go But then ormttmg the Aledicmes, tho’ but one 
Day, she lost her Speech agam, and retummg to them (eqiecially the Spirit) 
recover’d it as soon When not able to speak, she had a manifest Alteration 
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in her Face, the Strength and Tonick Vigor of it abated, her Eyes grew 
dull, her Lips pale I have, in this Juncture, given her 30 Drops of the 
Spint, In the space of two Hours the change has been surprising, her Eye 
has quicken’d, a Colour came over her Face, her Speech return’d 

In July 1688, her Mother brought her to me agam, and told me. That 
after the Phj^sick, I had (the Year before) prescrib’d her, was ail spent, her 
Speech, and the Use of her Legs left her first m September, on a Tuesday 
about Noon, and return’d the Saturday followmg near the same Hour, 
and that from Michaelmas to the Time of our discourse (which was July 
18, followmg) her Speech and Strength of Legs obsen’^ed the same Period 
(of gomg off on Tuesdays every Week, and returmng on Saturdays) with 
only two Exceptions, mx That once they returned on a Friday, another 
time not before Sunday She added. That her Daughter was, the precedmg 
Wmter, xeiy weak, and m danger of Death, that her Appetite was much 
abated, that she sometimes chose to eat Bread, Water and Salt, boil’d 
together, that now, as the Summer came on, she recovered some degree of 
Strength, that she had lost no Sense at any Time, besides that of Feeling, 
which was by the first Quantitj' of Medicme restored effectually, and with- 
out Relapse That the hlenses were regular as to Period, but as to Quantity 
unequal, and that when they were most she was worst That before her 
Speech us’d to go off, she constantly lost, for an Hours space, the use of 
her Left Arm, that when her Speech was leanng her, she would stammer 
out some few Words, and after this, on a sudden, became mute And that 
when not able to speak, she often moaned, and made a melancholy com- 
plaimng Noise, that her Speech did use to return (as it went off) aU on a 
sudden, and at once She alwaj^s had, as her Speech ceased, and two Hours 
after it was gone, a Pam m her Left-side, mcludmg Arm and Leg, her 
Left-Foot was then drawn up, as before-mention’d Her Face was high- 
colour’d when she lost her Speech, pale when it return’d No Part of her 
Bod\' wither’d hut the whole generally Cold Some time before she was at 
first struck Speechless her Hands used to tremble, but have been of late 
more stead}' Nor was she now so dull and heavy as formerl}', but for the 
Generaht}', more brisk and chearful than m her State of Health VTien 
she has her Speech she goes best, but is always forc’d to use a Stick, bemg 
never able to go steadd}' She speaks by Intervals as distmctly as ever, and 
as loud, can smg, when capable of speakmg, but at no other Time 

I found, that the hlother sometimes had Comulszre Fits, and though a 
poor labonng Woman, was extremely Hysterical And I observ’d the 
Daughter to have a pale sickly Look a heavy Eje, a low Pulse, and to be 
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much -n-asted m Flesh She contmu’d m my Neighbourhood about 2 
Months, and I saw her almost every Day for the \Wiole Time I then 
repeated the former Course, furmshmg her w ith large Quantities of her old 
Medicmes, and so dismiss’d her, with Orders to let me hear again from her, 
when the Physick should be all spent Accordmgly, m Sept 1688, she 
came (with her Mother) from S/ow to Ounn (that is almost 20 hides) on 
Foot I gave her a further suppl}* of hledicmes, and by the 10th of Non 
foUowmg she was grown strong, and to aU Appearance as well as ever For 
two Months, then last past, she did go and speak every Day, but not at 
all Tunes, of the Week, for her Speech left her (as formerly) on Tuesdays, 
but (now) return’d the next Day after Noon Thus she contmu’d to the 
Summer followmg, not speakmg (m more than 20 Months) on any one 
Wednesday hlormng 

In the Summer, 1689, Hopmg to compleat the Cure, I procur’d for her a 
large stock of Medicmes for the Wmter followmg, but from that Summer, 
to this of 1698, 1 have heard nothing of her 

There was some of Opmion, that this young Woman conterfeited, but 
upon strict Exanunation, I could ne\ er find any Reason for that Suspiaon 
And I beg leave to say, I think it was not m her Power so to do 

It IS obmous that this is a dmical descnption of a patient with 
penodic paral5'sis The description does not conform m all respects 
to one t)-pical of famil}' periodic paral3'sis, but is suipnsmgly similar 
for one 250 j'ears old It is atypical m so far as the patient was a 
female without a famihal historj- of penodic paralj'sis and that during 
paralx'sis, she was unable to speak Sporadic cases of periodic paral- 
5’^sis, however, have been reported m females b}’ Bender (98) and 
Fischl (115), and Cousot (18) and Pastme (75) have observed loss of 
speech m otherwise typical cases 

The term penodic paralj'sis (penodische lahmung) appears next m 
the literature as a title for an article m 1815 Seder (165) used it to 
head a communication which descnbed a patient with what has been 
mterpreted bj’’ S chmi dt (79) as malanal paresis A translation of 
pertment parts of Seder’s report is as follows 

R S , a woman 53 3’’ears old, — premously strong and healthy, presently 
of rather cachectic and weakened body budd, was up to the last dehvery 
which took place 9 3'ears ago, mostly well — Smce the last dehvei3' she 
complained — about dizzmess, headache, lack of appetite, restless anxiety 
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dreams, swellmg of the feet — In 1800 — after a severe fright she fell uncon- 
saous to the floor After she had regained consaousness, she could hear 
and see everj’thmg that was gomg on around her, but could not make it 
known by any signs, that she had regamed consaousness, but was forced 
to remam Ijung without motion for some time — ^In April 1803, she lost 
much blood bj- utenne bleedmg She felt now still more weakened and 
was daily seized bj* the foUowmg attacks She quickly lost the abiht}’’ to 
move herself voluntarily When she worked, she was suddenly mterrupted 
in the work When she stood, she had to reach for a chair qmckly or had 
to sit down on the floor Durmg this she retamed, however, her consaous- 
ness completel}* She heard and saw eveiythmg that was gomg on around 
her, but she could not speak even with the greatest effort, neither could she 
mo\ e anj*^ musdes The limbs retained their flevibiht\ but the}’^ fell down 
as soon as thej* were lifted and not as m catatoma The pulse was regular 
during the attacks, only a httle slower than usual The attacks lasted 
I to 1 hour, after the attacks she felt weak, otherwise well 

On the 2nd of November, 1804, when she was weakened by work and had 
contracted a cold, she was seized agam by a verj' severe attack — ^Because 
there were no com-ulsions with the attacks which the patient had daily, 
because the consaousness was not lost, but because she heard perfectly 
well durmg the attacks and recognized all objects, because the limbs did not 
get stiff, — the disease is, m my opmion, to be called a penodic paraljsis, 
which m the form as it has appeared here, spreadmg o^ er the whole body, 
has rarely been observed — On the 4th and 5th of No^ ember the fe\ er was 
lower, the attacks of paralj-sis, however, returned daily m the afternoon 
at 3 o’clock — On the 6th of February, the patient was completelj* free 
from fever, the attacks of paraljsis did not occur, all functions took place 
regularl}', the patient complamed only about ^ ery great weakness On the 
7th, m the afternoon the patient was seized bj' parah*sis after a dietaiy 
indiscretion — smce the 11th there had been no paraljsis and the patient 
felt ^ery well She remamed m this state until the 6th of December 
On this daj she was attacked agam by paraljms and severe fever — On 
the 7th of December, the temperature was lower, the attack of paralysis 
returned m the afternoon at 3 o’clock — After that she was completely 
free from paralysis and felt well up to the 25th of December, on which day^ 
she was seized agam by paralysis after the mgestion of hea’vy food — On 
the 30th of December the patient felt veil, — but she complamed of con- 
siderable weakness and the periodic paralysis returned daily as before — 
By the use of — remedies the attacks of paralysis became milder, but she was 
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not entirely free from them as m November of the previous j’^ear — On the 
22nd of February after a cold and a dietary indiscretion the voman feU 
mto a hght fever with stomach and chest cramps, but was completely free 
from periodic paratysis— and remamed free from 1805 until now, 1812 

Other reports of penodic paralysis without demonstrable anatomical 
changes which were pubhshed pnor to 1853 include those of Monges 
1826 (144), BataiUe 1829 (97), Roots 1836 (161), West 1843 (175), 
Bourdm 1844 (103), Freschi 1845 (117), and Thom 1849 (174) We 
have considered these to be case reports of sporadic penodic paralysis 
and have so hsted them imder references 
Cavare’s paper, pubhshed first m 1853, was copied by two con- 
temporary penodicals (108), (109), and later was revised and re- 
pnnted as an origmal article by von Maceno (138) m 1857 A trans- 
lation of the first report (107) is as follows 

The 6th of February, at seven o’clock in the mommg, I was called to 
treat Jeanne Magnas, w'lfe of Dispans, housewife 

This woman, 24 years old, had given birth, normally, to her second child, 
February 3rd February 5th, about noon, without known cause and while 
seated before the fire, this woman was waitmg for her bed to be prepared, 
she felt peculiar sensations m her feet, these sensations reached the legs, 
the calves, the trunk and the arms The tongue was affected, and became 
so mvolved that the sick woman could scarcely make herself understood 
She was put to bed by her husband who w'as helped by some neighbors, for 
it was impossible for her to put one foot in front of the other 

There was some fever, without, nevertheless, the patient havmg any 
headache She could swallow only with the greatest dif&culty the drinks 
which were offered to her, she saw that they moved her arms, hands, but she 
hadn’t the shghtest feelmg of it There existed, m a word, a general 
paralysis The midwife, consulted m the matter, rephed that it was without 
doubt mdk fever which was manifestmg itself She thought it advisable 
to take some spoonsful of an anti-spasmodic medicme, as well as some 
glasses of an infusion of barley At 3 o’clock in the afternoon, that is, 3 
hours after the beginning of the first symptoms of paralysis, the pulsations 
slowed, the fever receded httle by little, the tongue and the extremities 
regamed the use of their functions, the paralysis, m a word, disappeared, 
and all was restored 

The 6th, at 3 o’clock m the mommg, when I saw the patient, I saw that 
she was expenencmg great difficulty m speakmg and that she swallowed 
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her infusions vdth considerable difficulty, and I recognized a general paraly- 
sis of sensation and of movement. The lochia was not surpressed, the 
tongue was not coated, it was moist and rose-colored, and not the least 
trace of headache The milk was of a good type and abundant The 
child was strong and vigorous The pulse rate was mcreased (108 beats), 
the hearmg was normal, the patient did not complain of pam anj-where 
The contractility of the bladder was never diminished, and we did not resort 
to the catheter m order that the patient could void 

Although there was a marked relapse, not yet seemg anj’thing senous 
I prescribed 2 glasses of an infusion of \'alenan to be taken m the da^dime, 
and m the mteiwal a few spoonsful of a strong anti-spasmodic, 2 broths 
The 7th, m the mommg, the sickwoman was perfectly well. She had spent 
a good mght, and the parah'sis of the da5’' before had lasted onlj* 5 hours 
This medicme, she said, had eased her a great deal (64 beats) — Same 
prescnptions as the day before 

The same day, at 3 o’clock, m the afternoon, the patient feebng some 
drops of sweat moisten her forehead, appreaated the prodromata of paraly- 
sis In fact, some moments later, the sensations showed themselves m 
the same order, and the paralj'sis took hold, as on the precedmg daj-s 
Summoned to see her, I found her mind was veiy clear She had no 
headache. Her speech was veiy much impaired, the paralj-sis of the ex- 
tremities was complete, (120 beats) — Aledicme with 60 centigrams of 
quimne sulphate to be taken as soon as the paralj’sis shall have disappeared, 
in 3 doses, at 2 hour mter%'ah 

The Sth, m the mommg, I found the sick woman perfectl3- well, all of 
the medicme had been taken The paralj'sis had lasted 6 hours, — ^5 broths 
durmg the daj-, infusion of barlej* for flmd 

At 3 o’clock m the evemng, the paral3-sis appeared agam and persisted 
for 8 hours — Kew medicme with 75 centigrams of quimne sulphate, to be 
taken 3 tunes, and under the same condibons as the first 

Smce the prescribmg of the last dose of quinine sulphate the paral3'sis 
has not appeared agam, and the patient, havmg contmued the use of anti- 
spasmodics, less and less, soon became well 

I had the opportimit3' to see the piatient agam toda3% the 3rd of June 
There has not been an3' relapse The patient has resumed her routme 
duties, and she en]03's perfect health 

This commimication appears to have been the stimulus for manv* 
other reports and in the followmg 8 decades an extensive bibhograph3’’ 
on the subject of periodic paral3'si5 appeared In most mstances, it is 
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not difficult to segregate the cases into those with a familj' history and 
equally tj'pical cases which appeared sporadicallj' The first case of 
fanuhal penodic paralysis was reported bjr Shakhnowitsch (83) m 
1882 Three years later Westphal (176) studied a sporadic case not 
assoaated with an acute infection Contemporarj' German writers, 
Schmidt (79) and Janota and Weber (42), attnbute to Westphal the 
first clmical descnption of the dj^crasia It is beheved by the wnter 
that such credit is misplaced 

In addition to more than 400 tj-pical cases of penodic paralysis which 
have been reported and which are hsted under references, there has 
been a small number which suggested penodic paralysis m only 
certain respects Smce the requirements for a diagnosis of penodic 
parah’sis have been made arbitranlj'- more ngid bj’- us m the hterature 
published after 1853, atypical cases reported since that time are hsted 
m the bibhograph}’- imder miscellaneous These mclude commumca- 
tions bj’ the foUowmg, Cullen 1871 (190), Rockwell 1877 (212), 
Bennett 1884 (185), Suckhng 1889 (217), Rich 1894 (211) Meredith 
1896 (207), Donath 1900 (192), Knapp 1904 (200), Gatti 1911 (195), 
and Lewandowsky 1916 (203) 

Comprehensive reviews of the subject of penodic paralysis durmg 
the past half century mclude those of Goldflam 1890 (28), Taylor 1898 
(88), Schmidt 1919 (79), Janota and Weber 1925 (42), and Ribadeau 
Dumas 1934 (159) 


INCIDENCE 

Most observers affirm that penodic paralj^sis is a rare malady The 
number of references given at the end of this renew casts doubt upon 
this affirmation In available hterature there are case reports or 
references to more than 400 patients suffenng from penodic paralysis 
Besides this significant number there are several reports of penodic 
paralysis m pubhcations not available m this coimtrj^ 

Sex 

Contrar}’’ to the high mcidence of females m the earl)’’ case reports, 
there is a strong predihction for the male sex, Bender (98) The ratio 
of males to females among those with a family history of paralysis is 
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about 3:1 If the case reports are subdivided, one discovers that 
the highest incidence among vomen occurs in famihes with comci- 
dental thvToid disease and palsv' Among the sporadic cases, the 
ratio of males to females is much greater m fact there are fev authen- 
tic instances of affected females m this group 

Age 

Svmptoms of periodic paralv'as develop usuallv' in the first or second 
decade of hie Among one himdred and fif^‘-tvro case reports which 
mdude this mfonnation, fortv- had symptoms of paralyas before the 
age of 10 and nmetv'-two had svmptoms before the age of 16 In 
addition, several complamed of penods of muscle weakness months 
or years before the appearance of dear-cut paralysis 

The onset of svmptoms at a ver\- early age has been reported by a 
few observers Buzzard (12) described a family m which the mother 
and her children had mtermittent attacks of paralysis from the tune 
they were able to make purposeful movements Schoenthal (SO) 
descnbed two children in their second year who were known to be 
aSicted as soon as they were able to w alk. Goldflam (32), Strauss 
(171). and Kulneff (49) report similar cases At the other extreme, 
Kramer (135) reported one patient to have had the first seizure at the 
age of 56, and five patients reported by Shinosaki (85) did not develop 
svmptoms until the 4th decade of life A progressively earlier develop- 
ment of paralv'sis m succeeding generations of one family was observed 
by Biemond and Darnels (10) Attacks of paralysis appeared at 
puberty m the first generation, members of the second generation were 
affected at the age of 7 or 8, while in the third generation, symptoms 
appeared before the age of 6 

Xot only do svmptoms usually appear at pubertv or during ado- 
lescence but they are also most troublesome in thi<; period There 
IS a tendency* for attacks to diminish in frequency' and intensitv during 
middle life and to disappear m late adult hfe. Goldflam (28) how- 
ever mentions five patients who were 50 vears or older and who con- 
tinued to be troubled with penodic attacks Two died at 54 and 60, 
respectively without having enjoyed a prolonged period of freedom 
from svmptoms ^ce their onset in youth 
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Race 

Patients with penodic paralysis appear to be widely distributed 
throughout the world Jews are affected [Mankowsky (53), Weiss 
(91), Atwood (6)], as well as Gentiles Although the majority of cases 
have been reported from Germany, Japan, England, France, and the 
United States, thej’’ have been reported also from Norway, Denmark, 
Holland, Spam, Italy, Russia, Poland, India and Brazil Gordon, 
m discussmg Potts’ communication (153) said that he beheved that 
he had observed penodic paralj'^sis m a negro 

GENETICS OF HEREDITARY PERIODIC PARALYSIS 

The first mention of the hereditary character of the affliction was by 
Shakhnowitsch (83) m 1882 who descnbed a father and son with 
transient palsy In 1886 the family madence was discussed at length 
by Cousot (17) It is of mterest to note that a commission was ap- 
pomted (206) to mvestigate the report of Cousot, presumably because 
it was umque and considered to be significant It is gratifymg to 
record that the commission approved of his remarks and recommended 
that he contmue his researches on the strange malady 

The fact that penodic paralysis may skip one or more generations 
imphes that the character m such famihes is a recessive, Khan (46) 
In other famihes, it appears to be dommant, Saimders (215) The 
trait may be transmitted through either parent A further discussion 
of the hereditary aspect of the malady is given under Asso nation 
with Other Diseases Comment is made m that section of the asso- 
aation of muscular atrophy, nugrame and epilepsy m famihes with 
penodic paralysis It has been observed that sibhngs who do not 
suffer from penodic paralysis may have one of the three above- 
mentioned conditions 

Charts of the genealogical tree of two famihes with penodic paral- 
ysis compnse Figures 1 and 2 Figure 1 is modified from Biemond and 
Daniels (10) Penodic paralysis and muscular atrophy are mter- 
woven m this family Data of the family reported by Schmidt (79) 
were used to construct Figure 2 




Conntrticlcd from diita of Bltmoiul aiul Danlcln (10) 
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CLINICAI, DESCRIPTION 
Inciting factors 

There are several mating factors of acute attacks of paralysis which 
have been recognized by observers and mvestigated mtensely m many 
mstances Items which may be classified under the general headmg 
of traumata constitute the majority The trauma may be severe and 
debihtatmg such as scarlet fever [Westphal (176), Goldflam (30)], 
typhus fever, acute otitis media, upper respiratory mfection or acute 
nephritis [Fischl (115)], or it may be no more hazardous than exposure 
to cold and dampness [Maclachlan (52)], or mmor physical disabdity 
Other episodes which have been imphcated as matmg agents mdude, 
a muscle biopsy [Kastan (45)], excessive physical exertion, prolonged 
bed rest [Schoenthal (80), Shmosaki (84)], a menstrual penod [Bender 
(98), Janota and Weber (42)], emotional exatement [Taylor (88)], 
coitus [Mankowsky (53), Longo (51)], constipation [Schoenthal (80)], 
and mgestion of large quantities of carbohydrates 
Many patients report that their attacks are more frequent m the 
wmter than m summer [Kaufman (131)] This observation has been 
utihzed experimentally m the preapitation of acute paralytic seizures 
[Neel (64)] Zabnskie and Franz (96) exposed for 35 minutes the nght 
hand and forearm of a patient to a temperature which vaned between 
10° and 14°C After 20 mmutes, the relaxation of the flexors of the 
fingers foUowmg voluntarj,- contraction was distmctly slowed At 
35 mmutes, there was practically complete paralysis of the flexors 
and extensors of the fingers Muscular imtabihtj’’ to mechamcal 
stimulation was lost m the muscles of the forearm, the biceps reflex 
was absent, and no response to electncal stimulation could be ob- 
tamed All responses were normal on the untreated arm The attack 
of local paralysis wore off slowly and 12 hours afterward, the hand 
and forearm were still somewhat stiff 
The mgestion of a high carbohydrate meal [Putnam (156)] is an 
mating agent frequently mentioned The regularity with which 
attacks develop m the middle of the night is thought to be the result 
of the mgestion of a high carbohydrate meal durmg the previous 
evenmg Kramer (134) observed that the mgestion of 108 gm of 
protem, 86 gm of fat and 310 gm of carbohydrate would not lead 
to a paralj tic attack If, however, 133 gm of protem, 87 gm of fat 
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adrenalm secretion which follows parenteral administration of insulin 
A penod of several hours may elapse eifter the injection of msulm 
before the development of paral}*sis There are no reports of the 
mtravenous use of msulm m patients with penodic paralysis, a combi- 
nation of circumstances which might hasten onset of s}Tnptoms 

Other drugs which have been employed expenmentalli* m the 
preapitation of attacks, but which have not been mvestigated method- 
ically, include extract of thj.noid jAIitcheU (60), Shmosaki (85)] 
physostigmme [Schoenthal (80)], atropme [Kasten (45)], pdocarpme, 
adrenal cortical extract [AUott and ilcArdle (4)], parathormone [Dun- 
lap and Kepler (114)], pitmtrm [Kastan (45)] luimnal [Zabnskie and 
Frantz (96)] and acetj'lchohne [Pudenz et al (77)] The mechanism 
of the action of several of these substances will be discussed under 
pathogenesis Attacks produced experimentally appear to be mdis- 
tingmshable from those which appear spontaneously 

Prodroniata 

Many patients are conscious of prodromata, others may be unaware 
of an impendmg attack Some expenence a hea\w, sleepy and tired 
feelmg, others a feelmg of w 2 Lnnthm the extremities ImtabihK, 
nervousness [Putnam (156)], apprehension [Sugar (173)] mdigesbon 
constipation, diarrhea [Crafts (111)], headache, fever [B\Tne (13)], 
wearmess, ac h i n g m the legs [Gardner (119)] fatigue, sweatmg, 
numbness [Hartwig (126)], somnolence, tachj-cardia [Goldflam (28)] 
bilateral ptosis [Gdlespie (123)], strangura [W'estphal (176)] and thirst 
[Taj lor (88)], have been mentioned This seems to be no more than 
a list of symptoms which any man may fall heir to Xone of them are 
particularly specific for penodic paralysis In some patients they 
may appear as long as 24 hours in advance of an attack Other 
patients feel exceptionally well on days precedmg symptoms and 
awaken durmg the mght or early m the mommg with frank paralysis 
The development of s 3 'mptoms is not pamful and manv patients sleep 
soundly durmg the mapient stages At other tunes, thev awaken 
m the early hours of the mommg with a sensation of stifihess or 
weakness of the extremities Further sleep is followed by fully 
developed palsy Alore rarely, attacks begm dunng the day m the 
pursmt of routme duties 
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and 470 gm of carbohydrate were substituted, an attack ensued 
This observation was amply confirmed by Shmosaki (85) Paralytic 
attacks occurred m eight susceptible patients from 4 to 9 hours after 
the mgestion of more than 600 gm of nee, from 200 to 300 gm of cane 
sugar achieved a similar effect If a high protem diet were taken 
mstead (600 to 800 gm of meat), no attacks followed He beheved 
that patients afllicted with penodic paralysis have a decreased toler- 
ance to glucose Aitken and assoaates (2), however, could not con- 
firm this and observed a normal tolerance to glucose durmg an attack 
as weU as m the mterval penod In the patient studied by us we were 
successful m mducmg an attack on 4 occasions foUowmg the mgestion 
of 100 gm of glucose This patient appeared to develop a tolerance 
to the experimental procedure, however, and when it was repeated 
on successive days weakness only, without frank paralysis, developed 
Shmosaki (84) beheved that a prolonged hyperglycerma rather than 
one of short duration was necessary to mduce symptoms He ated 
experiments m which a hj^erglycemia of less than 1 hours duration, 
which followed the mtravenous mjection of from 18 to 30 gm of glu- 
cose, did not produce paralysis m susceptible persons 
Preapitation of attacks by epmephrme or adrenalm [Orzechowski 
(150), Pelz (152)], IS assoaated presumably with their blood sugar 
raismg and serum potassium lowering properties Neither drug 
appears to be as consistent in induang paralysis as is a high carbo- 
hydrate meal [FaviU and Rennick (23)] Shmosaki (85) was success- 
ful only 3 tunes m 12 in produemg symptoms with the mjection of from 
0 005 to 0 001 gm of adrenalm The persistance of the post-adrenalm 
hyperglycerma for at least 3 hours was necessary to produce paralysis 
Pudenz and associates (77) obtamed more consistent results with 
epmephrme given subcutaneously or orally as the sulphate (0 1 gm ) 
Allott and McArdle (4) observed that patients m whom attacks could 
be mduced repeatedly by mjections of adrenalm were those m whom 
emotional factors were equally effective m brmgmg on symptoms 
Conversel}’’, adrenahn-resistent patients exhibited httle correlation 
between paralytic episodes and emotional traumata 

It IS noteworthy that insulm alone or msulm combmed with glucose 
IS as effective an matmg agent as is prolonged hyperglycemia (4), 
(77) It seems reasonable to attribute the effect to stimulation of 
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pectorate may be noted in those mildlj' affected Ptosis and blumng 
of -snsion from vreakness of the estraocular muscles ha\ e been observed 
by Smger and Goodbody (166) Involvement of the motor branches 
of the tngemmal ner^'e has been reported by Taylor (88) 

Neither impairment of consaousness nor impairment of mental 
faculties, accompany paralj’tic attacks It is mentioned frequently 
m the hterature that patients vrho ha\ e died durmg an attack, have 
mamtained danty of thought until the end The superior mental 
capaatj' of one family affected -with penodic paralj-sis has been 
stressed by Tailor (88) 

A transient anuna [Wexburg (92)] is a rather frequent complamt 
This has been assumed to be caused by a dnmnution m desire to void 
rather than spasm of the sphmcter or mabihti' to void due to obstruc- 
tion along the course of the urethra From the observations made 
on the patient studied by us it vras conduded that durmg paralysis 
less urme was passed from the bladder because less unne was secreted 
b}' the kidneys A dnmnution m intake of flmds is an important 
factor m this cham of events Erection of the penis durmg an attack 
has been reported Spontaneous movement of the bowels durmg 
paralj sis is uncommon Few S 3 *mptoms other than those mentioned 
ahead}' accompany paral}'tic seizures Anorexia, nausea, vomitmg 
[Gardner (119)], cramps m affected musdes [Hartwig (125)], sweatmg, 
congestion of the conjunctix'ae and bronchial mucosa, roughing 
[\'ogt (90)], and mild paresthesia [Buzzard (12)] have been descnbed 
Physical measurements of the extremities durmg paralysis may 
reveal an mcrease m the circumference of arms and legs [Wexberg (92), 
Serko (82), Nastan (45)] In one patient studied by Neel (63), the 
circumference of the thigh Wcis 8 cm greater durmg paralysis than it 
was after Similarly, the circumference of the forearms mcreased 
more than 2 cm during the height of the si-mptoms 

The sensor}' exammation usually is negative In most patients, 
there is no loss of temperature, touch, pam or vibrator}' sensibdit}' 
Fischl (115) alone has reported loss of sensibiht}' m one patient durmg 
an attack The deep and superfiaal reflexes are abohshed m severely 
paralyzed areas These mdude biceps, triceps, knee jerks, ankle 
jerks, and plantars Cremasteric, abdommal and epigastric reflexes 
are retained usuall} Affected musdes are not pamful, but musde 
soreness may be ehated on careful manipulation 
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Paralysis 

Paralj’sis begins penpberally m the legs and progresses centrally 
Legs, arms, trunk and neck may be the order of mvolvement In a 
few patients, the paresis begms m the muscles of the hips and shoulders 
and spreads to the penphery Paralysis may be partial or complete, 
localized or generalized, either the upper extremities or the lower 
extremities alone may be mvolved, or it may be unilateral [Burr (106)], 
with httle or no paralysis of the other half of the body The paralysis 
IS apt to be most profound m the leg muscles 

In a fully developed attack the patient hes helpless m bed, unable to 
raise the hands, move the limbs or change position If an extremity 
IS elevated, it falls hfeless on to the bed If unsupported, the head 
drops on the sternum or backward between the scapulae The 
impression is gamed of “a patient with a broken neck lymg m bed, 
motionless, able to speak and think clearly, but utterly unable to 
defend himself beyond mdicatmg his wants and givmg directions to 
have his head or extremities shifted” [Holtzapple (41)] The extensor 
muscles are more seriously affected than the flexors The paralysis 
IS a flaccid motor type which may mvolve all of the voluntary muscles 
except those of the face, mouth, throat, accessor}' muscles of respira- 
tion and the sphmcters of the rectum and bladder 

Many imnor episodes which occur by day or escape unnoticed at 
mght are of an abortive t}^e [“cnses frustes,” Hirsh (37)], [“attaques 
abortives,” Oddo Audibert (69)] They have been described vividly 
by Holtzapple (40) as “feehng the spell” and vary from stifitness and 
weakness m the extremities to mild paralysis with weakened responses 
of the deep reflexes [Maclachlan (52)] In some patients there may 
be mcoordmation of the finer movements for as long as one week 
without development of paralysis 

Involvement of the muscles of respiration as well as those which 
partiapate m deglutition and phonation is unusual but when this 
occurs the consequence is serious hlaclachlan (52) has reported a 
fatal endmg of such an mvolvement m one patient Impaired phona- 
tion IS caused presumably by a combmation of paresis of the muscles 
of respiration and paresis of the muscles of the neck which are mserted 
m the lar}'nx and phar}’nx [Goldflam (28), Taylor (88), hlitchell 
(58)] Inabihty to breath deeply [Hirsch (37)], cough, sneeze or ex- 
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frequent attacks over a period of years that the arm jerks were slug- 
gish and that ‘ there was a permanent loss of knee-jerks and ankle- 
jerks Taylor (8S) noted a failure of reaction of the peroneal group 
of muscles between attacks and Golddam (29) obtamed a partial 
Reaction of Degeneration witb weak currents These vanations are 
caused presumably by secondaiy* changes m muscles which have been 
subjected to repeated and prolonged penods of paralj'sis 
An increase in the chroname of ahected muscles dunng paralysis 
has been observed bi’ de Bnun (IfrD and Ribadeau Dumas (159). 
Between attacks the chronasie is normal [Strauss (171)] A positive 
Qivosteks sign has been noted m patients m attack-free penods 
[Wexberg (92) Janota and Weber (42)] The significance of this is 
not appreciated by the wnter One explanation is that muscle im- 
tabilitj,' and not nerve imtabihty is responsible for an apparent 
Chvostek 

There appears to be a significant distinction between penodic 
paralj'sis and curare poisoning m regard to electrical esatation 
FoUowing curare poisomng the muscle responds normally to direct 
stimulation and the nerve only is unresponsive 
The internal organs of the body which show e\*idence of disturbance 
in association with penodic parali'sis mclude the heart and blood 
vessels and the endocnne glands notably the thxToid A bradi'cardia 
frequently appears during attacks [Oddo (69) Schlesinger (164), 
Pastine (75)], m others an arrhj'thmia or a hx-potension may develop 
ilore than a score of observers have detected dunng paralysis a 
transient dilatation of the heart whether by percu^on [W'estphal 
(177) Xoone (67)] or bj- fluoro5cop3- [Fuchs (US)] The dilatation 
has been attributed bx* ^litchell (57) to a relaxation of the cardiac 
musculature Accompanj-ing the dilatation of the heart, there max- 
be heard a sj stohc murmur either at the apex or base, accentuation 
of the second puhnonic sound or a weakened qualiti* to aU of the 
sounds Xo cardiac abnormahties persist after recoxaiy from paral- 
i-sis Enlargement of the thj-roid, with or without signs of thx-ro- 
toxicosis ma\' be observed 

Rccozery 

Recover}' proceeds anatomically in the reverse order to that in 
which paralj'sis develops Return of function begms usuallv in the 
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A disturbance of the electrical reactions of affected muscles usually 
accompames severe sjnmptoms The charactenstic changes are a loss 
of direct and mdirect electrical exatabdity The loss vanes from 
complete unresponsiveness to a minimal dimmution only The more 
profoimd the paralysis, the greater the loss of imtabihty Durmg 
recovery’’ and m the mterval penods, both muscles and nerves respond 
normally Hart'mg (125) iras the first to mvestigate this phenomenon 
m a patient with penodic paratysis His commimication appeared 
only 6 years after Erb’s ongmal descnption of the procedure He was 
so impressed with the failure to obtam an electncal response durmg 
an attack of paralysis that he beheved his apparatus was at fault 

The subject of electncal exatabdity m patients with penodic 
paratysis was mvestigated thoroughly by Mitchell (57) m 1899 It 
seems best to quote directly from his communication 

In one examination durmg an attack it was impossible to get any reaction 
either with faradic or galvaruc currents m most of the muscles with the 
largest amounts of current bearable Durmg another profound attack, 
m which It reqtured from 20 to 30 milhamperes, C C C bemg greater than 
A C C , to develop contraction by^ the usual method, when a large electrode 
was placed upon the sacral region and a gold needle inserted deep mto the 
body of a muscle, it was found that fair contracture could be mduced with 8 
milhamperes, C C C greater than ACC, mterruptmg current at the needle 
insertion mto the muscle On repeatmg this experiment upon a healthy 
person it was found that less than half this amount of current was required 
to evoke contraction m the muscles There was never at any time any 
suggestion of reversal of the poles, C C C was always greater than ACC 
m the examinations Nerves show the same lowered irritabihty^ If it 
requires from 20 to 30 milhamperes to mduce contractions m a group of 
muscles no less is required to brmg about contraction when the nerve is 
stimulated Strong currents apphed either to the nerve or muscle do not 
cause the usual amount of discomfort 

It has been noticed, also, that durmg paresis the skm resistance is 
increased [Oppenheim (149)] This is not altered by immersion m 
water 

Wffule the above findmgs are apphcable to the majonty' of afflicted 
persons, a few patients have been obseri’ed who have not shown a nor- 
mal response to mechamcal or electncal stimulation m attack-free 
periods Iiladachlan (52) observed m one patient who suffered from 
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of carboiiydrate metabolism is thought to be responsible for the other 
disturbances This factor inll be discussed under pathogenesis 

SptJial fluid 

No change m djmaimcs or cell count has been reported [li^'exberg 
(92), Vogt (90), Bender (9S)] A slight increase in total protein may 
accompany a severe attack pRibadeau Dumas (159)] Zabnskie and 
Frantz (96) found a total protein ot 22 mgni per 100 cc in an mterval 
penod and 2S mgm per 100 cc immediately foUovrmg paralysis In 
the patient reported m tins communication the protem was 20 mgm 
per 100 cc 24 hours followmg an mduced attack of paralysis 

Mdabohc rate 

An ele^•atlon of tlie basal metabohc rate is antiapated in patients 
with combmed thyrotoxicosis and periodic paralysis although few 
observations of this function are reported In patients without 
thjTotoxicosis an mcrease m rate during paral} sis has been noted by 
several mvestigators [EdsaU and Means (22), Zabnskie and Frantz 
(96) and Kirk and hloller (133)] The greatest increase was observed 
by Kirk and cipher who reported a change from + 17 to +59 per cent 
dunng development of paralysis Such observations seem paradox- 
ical Vhth decreased motor activitj- of the skeletal musculature one 
might predict a decrease m oxv'gen consumption It is unhkely that 
the mcreased ovv'gen consumption follows m the wake of an immedi- 
ate mcreased need for energv' requirements A more acceptable 
explanation to us is that a transient disturbance of the mtermediax}’ 
metabohsm of carboh) drates demands an increased oxv'gen mtake 

Electrocardiography 

The electrocardiogram durmg paralj sis shows striking and unusual 
changes from the normal In 1912 Atwood (5) noted right axis devia- 
tion m a patient aged 7 Janota and Weber (42) discuss at consider- 
able length small abnormalities m 2 patients These changes and 
others have been studied extensively by Zabnskie and Frantz (96) 
who noted a decreased amplitude of the T waves and by Stewart and 
assoaates (S6) who observed a bizarre form of the electrocardiogram 
These observers noted a prolongation of the P-R, QRS and Q-T 
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neck and upper extremities and appears last m the lower extremities 
The length of time for recover}^ may be as long as the period of devel- 
opment of s}'mptoms A residual soreness and stiffness of the affected 
muscles maj'^ persist for one or two days Durmg recovery an in- 
creased urmary output has been observed The patients are other- 
wise essentially normal persons 

Frequency and durahon of attacks 

There are no recognized predictable criteria regardmg frequency 
Patients may have only one or two attacks in a lifetime, others have 
two or three a decade, others two or three a year, yet others, several 
each week The patient reported by Zabriskie and Frantz (96) 
suffered one attack each night for 10 years following his thirteenth 
birthday A cychc occurrence has been noted by several mvestigators 
[Mitchell, Flexner and EdsaU (59), Gardner (119)], attacks even may 
occur on certain days of each week [Musgrave (148), Putnam (156)] 

Attacks vary tremendously m duration Abortive attacks may be 
very transient and not incapacitatmg An average duration is 
probably 6 or 8 hours Some attacks have lasted 3 or 4 days [Differ 
and Rosenbloom (21)] The longest authentic penod of paralysis 
with recovery is 8 days [Machlachlan (52)] 


LABORATORY STUDtES 
Formed elements of the blood 

No change m red blood cell count during paralysis has been reported 
The white blood cells may show an absolute increase m number with a 
relative lymphocytosis [Taylor (88)] 


Serology 

The complement fixation reactions for syphihs when reported have 
been negative 

Urine 

A transitory albummuna [Infeld (128), Yoshimura (95)], cj^lmduna 
[Schlesmger (164)], acetonuria and glycosuna [Shmosaki (84)], have 
been observed durmg attacks The first two disturbances are pre- 
sumably associated wnth a dimimshed urme output A disturbance 
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intervals, alteration in the form of the R-T segments as well as a 
decrease in amplitude of the T waves All of the vanations were 
observed with a decrease in concentration of serum potassium 

X~ray 

An increase m the size of the heart [Poulsen (154), Wexberg (92)] is 
the onty disturbance durmg paralysis to be detected by x-ray examma- 
tion that has been reported m the hterature 

Chemical constituents of the Hood 

The vanous chemical constituents of the blood of the patient whose 
historj’- IS mcluded m this review are given m Table I Several 
bloods were collected before or after an attack of paralysis, the others 
were collected durmg paralj'sis There are two constituents whose 
concentrations are altered durmg paralysis that are beheved to be 
particular!}^ significant These are serum potassium and serum 
phosphate Both show a decrease m concentration durmg s}Tnptoms 
and a normal level m the mterim These changes are beheved to be 
mtunately concerned with the pathogenesis of paralytic attacks 
Appreaation of their significance marks an important step m the 
understanding of neuro-muscular physiolog}’’ as well as m the under- 
standmg of periodic paralysis 

Biemond and Darnels (10) were the first to report a dimmubon m 
concentration of serum potassium durmg a spontaneous attack 
They observed a value of 3 8 milheqmvalents per hter m comparison 
to an mtermi level of 4 7 It is unlikely that they appreciated the 
significance of this findmg since they did not comment upon it Nor 
was it appreaated by others untd the following year, when Walker 
(222) reported a 50 per cent decrease in concentration of serum 
potassium durmg an attack of paralysis Such a change m the 
concentration of an acid or base constituent of the serum mdicates a 
profound disturbance of electrolyte equihbnum m the body Smce 
1935, Ferrebee, Atchley and Loeb (25), Pudenz et al (77), and Gam- 
mon et al (27) have pubhshed ample data to substanPate the ongmal 
observaPons 

A dimmuPon m serum potassium is thought to be a relatively 
constant findmg durmg attacks of periodic paralysis, whether heredi- 
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during paralysis m susceptible persons as they do in normal persons, 
as Harrop and Benedict have shown (197) foUowmg parenteral 
administration of msuhn Other data which suggest a disturbance 
of phosphate metabohsm m periodic paralysis are those of Brand and 
Harns (187) In the study of a biopsied specimen of muscle from an 
afflicted person thej’’ observed a dimmished content of creatme and 
acid-soluble phosphate 

The concentration of the other constituents of the blood shows no 
umform deviation from the normal Yoshimura (95) observed an 
mcreased concentration of blood magnesium dunng paralysis with a 
relative decrease m the calaum-magnesium ratio The sigmficance 
of this findmg is not obvious to us although it was attnbuted by bim 
to a disturbance of carbohydrate metabohsm In our patient there 
was a tendency for the concentration of total base, sodium and calaum 
to decrease durmg symptoms Total bicarbonate, chlonde and 
protem showed httle change The pH of the serum, determined dur- 
mg the attack, was normal Studies of total fixed base, potassium 
and phosphate of the blood cells contributed httle 

The concentration of blood sugar has been studied by many ob- 
servers Some report a concentration above normal durmg paral3dic 
attacks, others report a hyperglycenna m patients with a coexistmg 
thyroid dyscrasia, while others have observed a hyperglycemia m 
attack-free periods It is concluded that the level of sugar m the 
arculatmg blood bears no constant relation to paralytic attacks 
Edsall and Means (22) observed a normal concentration of lactic aad 
durmg symptoms while Tsuji (89) noted a significant mcrease m this 
constituent above the preparalytic level 

The concentration of serum non-protem nitrogen was normal durmg 
one attack m our patient and has been so reported m other patients 
Further study of this constituent might reveal a transient mcrease 
durmg attacks which are accompamed by ohguna 

VOLIJIIE on BODY BLUIDS 

Plasma volume, blood volume and mterstitial flmd volume were 
determmed m our patient under vanous conditions (Table H) Be- 
fore the first experiment 100 gm of glucose was given orally m the 
expectation that an attack of paralysis would be precipitated This 
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tary or sporadic in tj'pe or foUo’mng excessive assimilation of 
desoxycorticosterone acetate The dimmution follows closety the 
development of symptoms In some attacks a quantitative correla- 
tion has been observed between severity of paralysis and decrease of 
serum potassium Aitken et al (2) noted that muscular weakness 
developed when potassium reached 3 0 milhequivalents per hter and 
paralysis of the extremities was complete when potassium was 2 5 
Values as low as 1 2 milhequivalents per hter have been observed by 
AUott and McArdle (4) durmg severe attacks In our patient, the 
lowest level observ^ed durmg symptoms was 2 3 mdhequivalents per 
hter Durmg the 4 episodes which were mvestigated sj'^stematicaUy 
by us, the serum potassium vaned from 2 3 to 3 4 milhequivalents 
per hter A return to normal as paralysis subsided was a constant 
observation 

Probably as important as the absolute level m the production of 
symptoms is a relative decrease m concentration Thus, a decrease 
from 4 5 to 3 0 milheqmvalents per hter may be as important for 
the mstitution of paratysis as is a similar decrease from 4 0 to 2 5 
milhequivalents per hter This is dlustrated m an experiment by 
Gammon, et al (27) Before mjection of adrenahn in a susceptible 
person, the concentration of serum potassium was 5 4, 45 mmutes 
later paralysis had developed and the concentration was 3 7 Durmg 
recovery the concentration returned to 4 2, a level somewhat below 
that observed before the onset of paralysis 

In any syndrome with which is associated a transient alteration of 
the concentration of one aad or base constituent, it is not unreason- 
able to antiapate a concommitant change in concentration of one or 
more other constituents Durmg attacks of penodic paralj'^sis, a 
dimin ution m concentration of serum phosphate (4) accompanies 
the dimmution m serum potassium The altered concentration of the 
first constituent has received scant attention m the zeal to mvestigate 
the dysfunction of potassium metabohsm It may be that the change 
in phosphate concentration possesses less pathological significance 
than does that of potassium or it may be mtimately related to a 
disturbance of hexos-phosphate metabohsm m the muscle as postu- 
lated by AUott and McArdle (4) Whichever may be the correct 
eiqilanation, potassium and phosphate appear to leave the serum 



PESIODIC PASATYSIS 


113 


procedure on the first day of the period; on the second and third dsy, 
preakness only developed The negative calcium and phosphate 
balance m periods Xo 1 to 5 is beheved to be related to a change from 
active to sedentary- habits IMiihorat and Toscani (55) obsers'ed a 
native phosphate balance in a patient vath periodic paraly^, but 
no disturbance of calcium exchange They attributed the dissipation 
of phosphate to a disturbance of muscle metabolism The balance 
data of the other constituents for the 4 day periods (Table H*) suggest 
that equilibrium of each vras mamtained 
In contrast to the 4 day periods, the daily analp-ses of urmary 
constituents shorred significant pniiations Durmg each of the 3 
days in vrhich attacks vrere mduced there vras a diminished excretion 
of sodium, potasnum total fixed base and diloride The diminished 
excretion of potassium on attack da%-s confirms the studies of AUott 
and ilcArdle (4) and Gammon et al (27) The variations in the 
excretion of other urinarj' constituents vrere not remarkable 

P.VrSOGElvESIS OP DECiCEASE XS* SERtTM POX-ASSIUM; 

The pathogeneds of the decrease in concentration of serum potas- 
sum during paralyas is not defined vrith certainty. There are 2 
likelv* paths of exit from the serum; (1) mto bladder urine vrith subse- 
quent excretion; and (2) mto blood cells or tissue cells vrithout loss 
from the body Studies of urmary potassium before, during, and 
after an attack of parah'ds shovr no spontaneous diureds during 
s%-mptoms In fact, the observations of Gammon et al (27) as vreU 
as those presented in Table EH shovr a diminished excretion of potas- 
dum during paralj-sis It appears unlikely, therefore, that a los of 
potasdum from the serum is caused by a loss of potasdum from the 
body. 

The second hv'pothesis is more diScult to mvestigate. An increase 
m concentration of potassium in red blood cells during paral\-ds has 
been observed neither by Pudenz et aL (77) nor by us (Table I\0 
To sample the tissue cells m man in order to determine vrhether or not 
a gain in content of potasdum has occurred ogers certam tedimcal 
Qimculties A mass migration of potasdum might be mvestigated 
indirectly from the study of body S.uid volumes u the techmque for 
the determination of these values were more precise, but such is not a 
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was accomplished and the several flmd volume measurements were 
obtamed durmg deep paralysis The patient was fastmg before the 
second experiment and had been free from paratysis during the pre- 
cedmg 3 days The third experiment was performed as a control for 
the previous ones It was preceded by the mgestion of 100 gm of 
glucose but no paratysis ensued The data from the three e^enments 
are similar In each there was observed a volume of plasma, blood 
and mterstitial fluid greater than normal It is beheved that these 
changes may be significant, whatever may be their mterpretation 
they should be confirmed Thej' will be discussed under pathogenesis 


TABLE n 

Body flmd tolume slttdtes 


DATE 

1938 

PLASitA.>OrT7ME 

BLOOD I 
VOLUUE 1 

1 

INTEBSTmAL 
IXUID votruE 

BBUASES 



U 

ee per \ 
kg 1 

cc ^ 

tt 

per cent 
body Vfetght 



April 27 

1730 

1 

57 

1 

2820 

9 8 

33 

1 

100 gm glucose before 
Paralysis during test 

test 

May 8 

1720 

1 

57 

2680 

9 7 

33 

No preliminaty treatment 
parah'sis 

No 

May 14 

1770 

1 

59 

2750 

1 

9 2 

1 

31 

100 gm glucose before test 
paralysis 

No 


INTAKE AND OUTPUT OF CHEAHCAL CONSTITUENTS 

The balance data obtamed from the metabohc studies on our 
patient are given m Tables III and IV A descnption of the techmque 
for the collection of the metabohc data is given m the case report 
The study was divided mto 4 day periods Durmg each penod a 
constant diet was consumed and all urmes and stools were collected 
Balance observations were made on the foUowmg constituents, so- 
dium, potassium, calaum, chloride, phosphate, and mtrogen In 
addition, the daily unnary excretion of creatme, creatimne, ammoma, 
total fixed base, titratable aad and the urmary pH were detemuned 
There was no significant gam or loss of body weight, as detemuned 
daily, m assoaation with attacks of paralysis Nitrogen balance was 
achieved m all penods except No 8 In this penod, the patient was 
given 100 gm of glucose daily Paralysis followed this experimental 
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TABLE IV — Condtidcd 


DATE 

193S 

o 

s 

fe. 

c. 


S H 

£2 

5 

> 

ti. 

< 

5 

s§ 

< < 

B H 

H 2 

U. 

URINARY 

OUTPUT 

yjtCAI. OUTPUT 

DAILY DALANCP 

XEitAilS 


April 24-2S 

inn 

Sodium m eq 

1&3 

137 

2-4-» 

9 

+16 7 

Apnl 24, 100 gm glucose 



Potassium, m cq 

269 


1S5 

30 

-fis 5 

p 0 Paralysis 



Calaum, m eq 

173 


32 

139 

ESQ 

Apnl 25, 100 gm glucose 



CUonde, m eq 

191 

137 

26S 

5 

-i-14 5 

p 0 Weakness, no pa- 



Phosphate, m eq 

ISO 


104 

31 

T"“ 

ralysis 



Xitrogen. gm 

•*6 4 


31 4 

1 0 

+3 8 

Apnl 26, 100 gm glucose. 









p 0 Weakness, no pa- 









ralysis 









Apnl 27, 100 gm glucose 









p 0 No paralysis 

April 

IX 

Sodium, m eq 

ISl 

137 

337 

8 

-42 


May 2 


Potassium, m eq 

262 


20 s 

29 

-r6 2 




Calaum m eq 

1S4 


2S 

131 

-r6 2 




Chloride, m eq 

191 

137 

310 

5 

4-3 5 




Phosphate, m eq 

us 


127 

3S 

-4 1 




Kitrosen gm 

■A 6 


36 0 

13 

M s 


May 2-6 

X 

Sodium, m eq 

1S3 

137 

2S0 

s 

-i-20 0 

Ma> 2, 30 mg thiamin 



Potassium m eq 

267 


192 

30 

-i-n 2 

chloride 



Calaum meq 

ISO 


34 

165 

-4 7 

May 3, 30 mg thiamm 



Chloride, m eq 

210 

137 

30$ 

•* 

+S 7 

chlonde iv 



Phcaphate, m eq 

14S 



34 

+1 7 

Ma> 4, 100 gm glucose p 0 



ITitrogen, gm 

44 9 


36 3 

1 2 

-rl S 

No paTal>'sis 

May 6-10 

XI 

Sodium m eq 

1S9 

137 

294 

2 

+7 5 




Potassium m eq 

255 


178 

25 

-rl3 0 




Calaum, m eq 

177 


••3 

111 

+5 8 




Chloride m eq 

2U 

137 


2 

+9 0 




Phosphate m eq 

14S 


10 s 

35 

+0 2 




Nitrogen, gm 

42 5 


37 7 

1 2 

-M) 9 


May 10-14 

xn 

Sodium m eq 

194 

137 

317 

9 

+2 0 




Potassium m eq 

2T6 


ESI 

34 

+0 5 




Calaum m eq 

1S3 


32 

110 

+10 2 




Chloride, m eq 

203 

137 

329 

6 

+1 5 




Phosphate, m eq 

151 


1^ 

3S 

-4 2 




Nitrogen gm 

41 ( 


j 3S 7 

1 1 

-K) 4 



fact It -would require a significant loss of potassium and -water from 
the serum, -without subsequent replacement by another base, to pro- 
duce a change in plasma volume -which could be detected b} present 
day methods If the potassium loss vrere replaced by another base, 
such as sodium, no change m plasma volume -would be detected 

Smce it is behe\ ed that potassium does not migrate from the serum 
into the blood cells and imtd acceptable evidence is avadable describ- 
ing Its ultimate place of repose, consen^ative speculation may not be 
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TABLE IV 

Summary of uriatn balance dala 


DATE 

1938 

fi 

o 

S 

u 

c, 

COSStirUENT 

DIETARY 

INfAKr 

rXTRA DIETARY 
INTAKE 

URINARY 

OUTPUT 

H 

O 

e* 

H 

U 

o 

*3 

s 

DAILY DALANCK 

SEttAKES 

March 27-31 

I 

Sodium, m eq 

182 

137 

270 

9 

-f-10 0 

March 30, 100 gm. glacost 



Potassium m eq 

265 


212 

37 

+4 0 

p 0 ParaJysts 



Calaum, m eq 

167 


48 

231 

-28 0 




Chloride, m eq 

188 

137 

287 

4 

+8 5 




Phosphate m.eq 

139 


125 

46 

-8 0 




Nitrogen, gm 

42 3 


38 5 

2 8 

-fO 2 


March 31- 

n 

Sodium m eq 

168 

137 

320 

09 

-8 7 


April 4 


Potassium, m eq 

2Si 


203 

41 

+5 0 




Calcium, m eq 

179 


46 

139 

-2 5 




Chlonde, m eq 

175 

137 

326 

5 

-4 7 




Phosphate, m eq 

141 


137 

42 

-9 5 




Nitrogen, gm 

44 0 


38 7 

3 1 

-fO 5 


April 4-8 

m 

Sodium, m eq 

191 

137 

263 

22 

+8 2 

April S, 25 nmts in.mlin s c 



Potassium m eq 

27S 


184 

24 

+16 8 

No paralysis 



Calcium, m eq 

196 


SO 

95 

-12 7 

Apnl 7, 100 gm glncose p o 



Chlonde, m eq 

210 

137 

292 

il 

+11 0 

PoraJ^ns 



Phosphate, m eq 

144 


140 

HU 

-6 5 




Nitrogen, gm. 



38 3 

1 3 

+0 8 


April 8-12 

IV 

Sodium, m eq 

191 

137 

272 

20 

+8 0 




Potassium, m eq 

273 


211 

4S 

+4 2 




Calaum, m eq 

182 


44 

156 

-4 S 




Chlonde, m eq 

IS9 

137 

293 

13 

+4 2 




Phosphate, m eq 

159 


136 

48 

-6 2 




Nitrogen, gm 

44 6 


37 0 

2 0 

+I 4 


AprU 12-16 

V 

Sodium, m eq 

164 

137 

274 

14 

+3 2 

Apnl 12, 10 gm KHiPOi 



Potassium, m eq 

215 

146 

326 

43 

-2 0 

po 



Calcium m eq 

159 


30 

118 

+3 7 

Apnl 13, 10 gm ihJlJ'Ui, 100 



Chlonde, m eq 

177 

137 

525 

4 

-3 7 

gm glucose p o No pa- 



Phosphate, m eq 

132 

146 

214 

65 

-0 2 

ralysis 



Nitrogen, gm 



38 9 

1 4 

0 0 


ApiU 16-20 

VI 

Sodium m eq 

183 

137 

282 

4 

+8 5 

Apnl 17, 8 8 gm K 1 C.H 1 O 1 



Potassium m eq 

261 

1<*6 

307 

31 

+17 2 

po 



Calaum, m eq 

176 


39 

120 

+4 2 

Apnl 18 7 0 gm KjCeHiUi, 



Chlonde, m eq 

206 

137 

295 

3 

+11 5 

100 gm glucose p o No 



Phosphate, rmeq 

150 


134 

42 

-6 2 

Ijaralysis 



Nitrogen gm 

43 3 


36 2 

1 9 

+1 3 


April 20-24 

vn 

Sodium, m eq 

190 

137 

318 

14 

+1 2 

Apnl 20 11 mmtms adren- 


Potassium m eq 

2aS 


I8S 

41 

+7 2 

aim chlonde 1 1000 i v 



Calaum, m eq 

171 


39 

132 

0 0 

No paraly sis 



Chlonde m eq 

202 

137 

326 

5 

+2 0 

April 21 9 8 gm 



Phosphate imeq 

ISO 


203 

63 


(NH.).HPO. p o 



Nitrogen, gm 

42 7 

4 1 

46 0 

■E 


Apnl 22 9 8 gm. 








Hi 

(NHOiHPOi, 100 gm glu- 







■ 


cose p o No paralysis 
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the \-acuoles are small, but may occupy more than one-third of a 
fibnUe. Apparentl}', they po^ess no membrane The intra-muscular 
connectiYe tissue is not infiltrated or h}-perplastic. The number of 
sarcolemma nuclei ('rrhich average 6 per fiber) is not increased The 
nuclei penetrate only rarely into the muscular substance Xer\*e 
bundles rrhen seen appear normal 

On longitudmal section the lon^tudmal and cross striations are 
distinct. Parallel to the longitudmal avis m almost aU fibers are 
numerous holes sphts tears, irregular spaces and lacunae They 
have a dear glasshke appearance as do the \a,cuoles *’ Goldfiam 
conduded ■with the statement that the pathological picture was dis- 
tincti%-e and could be difierentiated from Thomsen s m 3 'otonia and 
progressive muscular di.'Stroph^- 

Oppenheim (149) obsem'ed a •waxv* degeneration m a spedmen of a 
deltoid musde obtamed at biopsj* Crafts (111) detected an increase 
in fibrous tissue, moderate h^'pertrophj' and \*acuohzation of the 
fibers The presence of \*acuoie5 or umdentified droplets has been 
confirmed b^- Bomstein (101) Schmidt (79) Kaufmann (131). Zabns- 
kie and Frantz (96) and AUott and Mc-Ardle (4). 

p.iXEOGEXESiS OP P.^YLV-SIS 

Manj- theories have been advanced to explain the pathogenesis of 
periodic paralj-sis In the earher hterature the follo'wmg have been 
ofiered. Post-malanal reaction [Hartwig (125), Gibney (122)], consti- 
tutional anomal}- of skeletal musculature, auto-mtovication [Goldfiam 
(29), Bernhardt (9)] recurring anterior pohomjehtis [Dana (19)], 
spasm of anterior spinal arteiy or dimmution of blood supph* to 
afiected muscles [IS’estphal (176) Manko'wsky (53), Holtzapple (41), 
Schnudt (79)] accumulation of metabolites follo’wmg exercise [Tsuji 
(89)] disturbance of function of the parathjmoids and secondaiy' 
hj-per-calcemia [Xeustadter (66) Shinosaki (85)], sluggish hmphatic 
circulation [Buzzard (12)], ^■agotonia [Schmidt (79)] hj-stena [Dana 
(19)], increased adrenalm production [Xeustadter (66)] disturbance 
of carbohj-drate metabolism [Shinosaki (85), Yoshimura (93)], and 
congemtal metabolism defect [Gardner (119)] \Mth but a few 
exceptions these theories have not been supported bj* acceptable 
laboratoiv- data 
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inopportune FoUowing the injection of adrenalin m animals, a 
decrease m concentration of serum potassium is assoaated -vntli an 
increased concentration of potassium m the hver It has been assumed 
that the deposition accompanies glycogenesis SuniJarly, during 
attacks of periodic paratysis m human bemgs, the hver may gam 
potassium at the expense of this constituent m the serum n one 
carries the analogy over completely from a nim al experiments, it is 
possible that the hver is enriched xnth glycogen as well as potassium 
Such a migration is consistent with the empmc observation that 
attacks of paralysis follow a meal with a high carbohydrate content 

PA.XHOLOGICAL AX ATOMY 

Sei eral biopsies from patients during or following attacks and a few 
autopsies on subjects who have died with paralysis have been reported 
The gross and microscopic findmgs are beheved to contribute httle 
to a precise understandmg of the pathogenesis or etiologj’' of the 
disturbance [Wexberg (92)] A comprehensive discussion of the 
morbid microscopic changes m the skeletal muscle of afSicted persons 
is given by Goldflam (33) Specimens of biceps muscle were obtamed 
from 3 susceptible persons A translation of his findmgs is as follows 
On cross-section, the muscle fibers have a polygonal shape, but with 
rounded comers The fibers are rather thick, of similar size, which 
vanes between 45 and 90 micra FibnUes are distmctly visible, 
more so than normal!}’’ which creates on the surface a punctate appear- 
ance In many fibers the Cohnheim’s fields are larger than normal 
The fibnUes are pressed apart by an amorphous mass which gives 
them the appearance of a sieve Each fibnlle is msible at a low 
magnification and appears as a dot m the center of an amorphous mass 
This pathological process might be called rarefaction because the 
tissue actually appears rarefied The rarefaction embraces only the 
center of the muscle fiber while m the periphery the tissue is thicker 
than normal and the fibnUes appear compressed 
In several fibers there are spaces which appear as vacuoles They 
are usuaUy m the center of the fibers and have a round or o\-al shape 
Their content is mostly shiny or glasshke and not stainable Rarely, 
it is granular and stamable ’with canrune or eosin StUl more rarely 
the content of the vacuoles consists of many smaU vesicles UsuaUy, 
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recovm* of fiinctioa folloTred These results suggested to the ob- 
ser\-er 5 that either the curative action of potassium is central or that 
some substance is formed in the viscera by the action of potassium 
and is carried to the muscle to restore power. Additional evidence 
in support of a neurogenic defect in periodic paralj-sis was derived 
from experiments with acstxd-B-methyl chohne chloride (mecholyl). 
Return of function was perceptible within S mmutes after 25 mg of 
the substance had been injected intraarterially This was beheved 
to be dependent upon the entrance of chohne esters mto the general 
circulation A restoration of serum potassium without administra- 
tion of potasaum salts accompamed clinical improvement. The 
authors admit that this theory does not explain the loss of direct 
exatabilitx- of the muscle during paraly^ This interpretation, 
likewise fails to explain the local loss of muscle power from the 
coohng of one extrenuty as was shovm by Zabriskie and Frantz (96) 
Aitken et al. (2) investigated the disturbance of potasaum exchange 
particularb' with regard to the ingestion of sugar and the level of this 
constituent m the blood They concluded that the decrease in serum 
potasaum was not a compensatory phAmological response to hyper- 
glycemia but rather that the phenomenon involved a concomitant 
migration of potasaum from the blood into the extra-xascular spaces. 
According to them this is a normal phenomenon but an increased 
senativiU' exists m patients subject to periodic paralx-as 
The decrease in concentration of serum phosphate which accompa- 
nies the change m potasaum (Table I) may be observed following an 
injection of adrenaim or msulm m normal as well as in persons sus- 
ceptible to parallels Following the injection of either substance into 
a nim als, as the serum phosphate decreases the content of musde and 
hinr phosphate increases It is assumed that simiiar changes occur 
in human hemp In mtake and output studies of a patient with 
periodic paralysis !Milhorat (54) observed that the excretion ox phos- 
phate in the urine paralleled that of potassium. The collected 
observations suggest that potassmm ana phosphate migrate together 
as the mono- and dibasic- salts oi potassium phosphate precedms or 
during an attack of periodic paraii-sis 
Lastly, the migration of potassium and phosphate mav be initiated 
by an increased adrenaim content in the body flmds This may 
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In recent years considerable insight into the mechanisin of attacks 
has been gamed and although as yet the evidence is not complete, it 
has assumed a defimte shape There appears to be httle doubt that 
attacks of periodic paratysis are assoaated with a disturbance of the 
concentration of several chetmcal constituents of the body in 
patients with the hereditary' type of paralysis, the disturbance most 
likely is a manifestation of a constitutional chemical anomaly in 
sporadic cases this may be an acquired character In patients who 
develop paralysis durmg excessive assimilation of desoxycorhco- 
sterone acetate, the chemical changes are mduced 
The observations of Biemond and Daniels (10) and of Walker (222) 
that a diminution of serum potassium accompamed paralytic seizures 
are pertment Related constituents mclude serum phosphate, 
adrenahn content of body flmds and possibly glycogen content of the 
body Although a dimmution m potassium concentration appears 
to be the sine qiia non of a paralj'tic attack, such a change may mduce 
paralysis m a susceptible person only' A decreased concentration of 
serum potassium may be produced m normal persons by an mjecbon 
of ins ulin or adrenahn without mducmg demonstrable paralysis 
Smularl}', a lowermg of serum potassium may be achieved m sus- 
ceptible persons at tunes, without symptoms of penodic paralysis 
For example, m our patient the potassium concentration ranged 
between 2 4 and 2 8 nulheqmvalents per hter m samples of serum after 
3 glucose experiments, m none of which were paralyhic symptoms 
observed The conclusion seems warranted, that if paralysis develops 
m susceptible subjects it is accompamed by a dimmution m concen- 
tration of serum potassium On the other hand, a dmunution in 
serum potassium may' be observed m susceptible as well as non-suscep- 
tible persons without objective or subjective evidence of paralysis 
Confirmatory evidence that a change m concentration of serum 
potassium is mtmiately assoaated with the pathogenesis of paraly'sis 
was obtamed by Pudenz and assoaates They admmistered mtra- 
venously 1 0 gm of potassium chloride to a subject durmg paraly sis 
Generalized motor fimction reappeared rapidly' The local effect of 
potassium salts admmistered parenteraUy' was mvestigated next 
0 1 gm of potassium chlonde was mjected into the brachial artery', 
foUowmg which the venous return was obstructed for 8 mmutes Xo 
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It -pras conceded that m all the reports -n-hich vrere reviewed a diagnosis 
of hysteria seemed justified, and that none of them appeared to be 
sufienng from penodic paralysis Although transient paral 3 'sis ma^’ 
accompanj* grand vial seizures of epilepsy [Higier (198)], the loss of 
consaousness and presence of conndsions should help differentiate 
this malad)' from penodic paralj'sis Acuie anterior poliamyehhs and 
Landry’s paralysis affects similar age groups Signs and sjTnptoms 
of an acute infection and involvement of isolated muscles or muscle 
groups are helpful m reachmg a correct diagnosis Infectious poly- 
neuritis has longer penods of weakness than does periodic paralj-sis 
Faaal paral 3 sis and muscle atroph 3 ’^ are also frequent findmgs In 
iich paralysis (184) the s 3 'mptoms persist onl 3 ' as long as the parasite 
IS attached to the host Recurrent facial paralysis affects the nerves 
of the face and is not assoaated with a paraplegia Cerebral apoplexy, 
intermittent tonic muscular spasms [Lenoble (202), Bennett (185)], 
untreated Addison’s disease, ophthalmoplegic migraine [Clark (188)], 
night palsy [Ormerod (209)], exhaustion paralysis [Fere (193)] general 
paresis, spasmotic paraplegia, of syphilitic meningomyelitis, paroxysmal 
hemoglobinuria until paralysis [Me 3 'er-Betz (208)], familial amaurotic 
ataxic paraplegia [Stewart (216)], and transient paralysis from postural 
hypotension [Thomas (220)], need onl 3 ' be mentioned m passmg, as 
m all these there usuall 3 ’ are distmguishmg signs and s 3 Tnptoms 
A differential discussion of the m 3 ’opathies ma 3 ' not be disnussed as 
readil 3 ' Oddo and Darcourt (72) and Armg and Cobb (182) have 
called attention to the dmical similant 3 ' between periodic paralj'sis 
and other hereditaiy m 3 'opathies, i e , m 3 'asthema gra\'is, progressive 
muscular d 3 ’stroph 3 ' m 3 'otoma congemta, and paramyotoma con- 
gemta Subsequent mvesbgations mai' reveal that the pathogenesis 
of the musde weakness m each condition is related S 3 Tnptoms of 
myasthenia gravis ma 3 ' appear mtermittentl 3 " as do those of periodic 
paralj sis In m 3 -asthema grans the muscles of the face and throat 
are usuall 3 ’ mvolved but the skeletal musculature is not immune 
Recoveiy' from weakness follows potassium mgesbon m either condi- 
bon [W'alker (222)] The assoaabon of progressive muscular dystrophy 
and penodic paral 3 sis m some patients is beheved to be more than 
comadence This will be discussed m the next seebon S 3 ’mptoms 
from Viyotonia congenita begm to be disturbmg m approximateh' the 
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result from the parenteral administration of msuhn Other pro- 
cedures which increase adrenahn content of body fluid and which may 
induce attacks of paralysis mclude a high carbohydrate meal, strenu- 
ous exercise and thjTOtoxicosis 

There are several pomts of similanty between the findings during 
attacks of penodic paralysis and in patients vith Addison’s disease 
foflovnng excessive assimilation of desoxycorticosterone acetate A 
decreased concentration of serum potassium and phosphate, improve- 
ment m symptoms foUowmg potassium mgestion, an increase m 
volume of plasma and mterstitial fluid, and acute cardiac dilatation 
have been observed m each condition Furthermore, paralysis, m- 
distmgmshable chnically from hereditary periodic paralysis may 
appear m the second group foUowmg a high carbohydrate meal 


DIAGNOSIS 

A diagnosis of periodic paralj'sis usually is not difficult to make 
The triad of paroxysmal flaccid paresis, loss of reflexes and loss of 
electrical excitabihty is umque and unmistakable To these may be 
added imimpairment of mental function dunng attacks, preapitation 
of attacks by certam procedures such as mgestion of a high carbo- 
hydrate meal and adunnistration of adrenahn, unimpairment of 
nervous sensibflity, ohgiuia, decreased concentration of serum potas- 
sium, subsidence of paralysis followmg potassium mgestion, and 
absence of signs and freedom from sjmiptoms between attacks 


DHTERENTIAL DIAGNOSIS 

There are several maladies which may be confused with periodic 
paralysis Hysterical paralysis may be a presumptive diagnosis m 
patients durmg the first attacks of penodic paralysis [Samuelsohn 
(163)] In hysteria, however, there are typical psychological ab- 
normahties, the reflexes are usually mcreased and not decreased and 
sensory changes are often observed The malady appears m a 
shghtly older age group and has a much higher female to male sex 
ratio than does penodic paralysis Because it was thought that 
patients with penodic paralysis might be mcorrectly diagnosed as 
suffermg from hysterical paralysis, more than SO case histones of the 
latter, reported m the hterature pnor to 1900, were consulted by us 
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The occurrence of paralysis as a comphcation of vialana has not 
been studied methodically There is general agreement m current 
hterature that several of the cases of penodic paralysis which were 
reported m the last centuiy- [Cavare (107), Romberg (160), Gibney 
(121) Hartwig (126)] were suffering concommitantl}- from malana 
The clinical description of the paral\-tic attacks is similar to that 
of hereditaiy- penodic paralj'sis It may be that the malarial infection 
merely acts as an mating agent m persons susceptible to paralyris 
A satisfactoiy- explanation of the sensoiv* disturbances which have 
been observed m patients with malanal parali'ris [Stockwell (170)] 
IS not forthcoming 

The assoaation of thyroid disease and penodic parali'sis is suffiaently 
frequent to give us reason to beheve that m patients with both dis- 
turbances. the thinoid partiapates in the pathogenesis of the paresis 
Enlargement of the thiTOid has been observed m patients with sporadic 
periodic paralysis as well as m those with a family historx' of parah'sis 
Ritamura (230) in 1913 was the first to call attention to the combiaa- 
tion Since then more than thirty-five patients have been reported 
suffering from enlargement of the thiiioid and penodic paral],-as 
Shinosaki (85) has reported fifteen patients, Tsu]i (89) eight, Dunlap 
(114) four and Wesberg (92) three It is conceii-able that in some 
patients suffenng from thjTotoxicosis, the muscle weakness (Basedow’s 
paraplegia as it has been labelled by !^Iackenzie (204)) is an abortive 
ti'pe of periodic paralysis We have made only one observation on 
this subject Several I'ears ago a patient with severe thinotoricosis 
and muscular weakness was studied in regard to base constituents m 
the serum A concentration of serum potassium of 2 1 rmlheqmvalents 
per hter was observed Although this patient was verv weak it was 
not thought that she was suffenng from periodic paralx'sis and the 
rigmficance of the serum potassium level was not appreaated by us 
Accordmg to our current mterpretation, the muscular weakness might 
have been a^ociated with the diminished concentration of serum 
potassium 

There are vanous other items which may be worthy of mention in a 
consideration of the coexistence of periodic paralvsis and thvroid 
disease A disturbance of carbohydrate metabohsm max' be observed 
in either condition The precipitation of an attack of penodic 
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second decade of life as do those of penodic paralysis Muscular 
mactmtj^ fatigue and exposure to cold aggravate weakness m myo- 
tonia Quinine sulphate is beneficial in the treatment of symptoms 
m myotonia and m malaria which was an important mcitmg factor m 
production of periodic paralysis according to the earher case reports 
Beyond this, the analogy does not hold In myotonia, the electncal 
reactions are increased and potassium mgestion is reputed to impede 
rather than improve muscular dysfunction 

ASSOCIATION WITH OTHER DISEASES 

The assoaation of periodic paralysis with other diseases 11011 be dis- 
cussed under 3 subdivisions (1), comcidental association, such as 
tuberculosis and ben-ben, (2), diseases noth which there may be a 
related pathogenesis, such as thyroid dj'^scrasia, over-treatment of 
Addison’s disease and malana, (3), nervous disorders, such as epi- 
lepsy, migrame, spinal muscular atrophy, progressive muscular 
dystrophy and progressive paraplegia 

Tuberculosis has been reported to have developed m a significant 
number of persons subject to attacks of paralysis as well as m their 
immediate relatives [Goldflam (28), Taylor (88), Biemond and Daniels 
(10), Mitchell (57), Skouge (168)] The association is probably co- 
madental A chrome infectious disease such as tuberculosis might 
lower the resistance in a person suffering from periodic paralysis and 
mcrease thereby the frequency of attacks Beyond this, we can 
discover no related process charactenstic of both conditions 

The development of beri-beri m patients subject to attacks of 
penodic paralysis is not so anomalous, at least not m the Onent where 
Shmosaki (85) observed several patients suffermg from both diseases 
It IS presumed that the mgestion of large amoimts of pohshed nee 
does not allow an adequate thiamm chloride mtake and ben-ben 
follows Similarly, a diet vnth a high nee content provides a high 
percentage of carbohj’^drate, which may be detrimental to persons 
susceptible to paralysis This explanation of the association of ben- 
ben and penodic paralysis may be madequate for the future although 
it appears to suffice for the present An expansion of knowledge of 
the metabohsm of thiamin chlonde and carbohydrate may provide a 
more comprehensive explanation 
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Frcgresskc irusculcr dysfropi y and vjsczilar ctropLy have de^Ioped 
in some patients several years after the onset of attacks of paral^'sis 
The incidence appears to be higher in those vnth a family history of 
of paral^-sis Griedenberg vas the first obser\-er to call attention to 
the muscular development in a susceptible person Trhich appeared 
to be out of proportion to the objective muscular strength In three 
generations of one family, Biemond and Daniels (10) discovered that 
fourteen persons vere subject to paralj*^ four of vhom had in 
addition demonstrable muscular atrophy In three of the patients, 
the atrophy was evident at the age of 11 only five years after the first 
attack of paral\-sis In all, the atrophy was first noticed in the 
prommal portions of the extremities before it appeared in the distal 
portions This sequence of appearance of muscular atrophy may be 
helpful in difierentiating the musde disorders of periodic paraljms 
from the spinal muscular atrophy of the Duchenne-Aran or the 
Werding-Homnan tjrpe. Other instances of muscle disorders asso- 
ciated with periodic paralysis include pcnrar.enl pcraphgic [iStchefi 
(57)] and asfJerzc bulbar paralysis [Colhns (110)] 

iios.xAixrv 

There are more than thirty-fi-ce deaths reported in the literature 
which have been attributed to attacks of periodic paraljms. Thus 
contrary to many statements which have been made concerning the 
sjmdrome attacks may prove fatal. Hereditary and sporadic cases 
appear to be afiected alike A luad mind is maintamed generallv 
up to the end. In some patients death followed the first attack. 
Goldfiam reported one child that died during paralisis at the age of 
9 months another of his patients died with paralysis at the age of 60 
Concerning the pathogeneas of death respiratory paralysis [Holtz- 
apple (41) Xeel and Jarlov (62) Mankowsky (53)] exhaustion of the 
muscles of the diaphragm [hladachlan (52)] cardiac dilatation and 
decompensation [Zabnskie and Frantz (96) Serko (82)], inhalation 
pneumoma [Shinosaki (84)] or inabihtj- to clear the trachea of as- 
pirated vomitus [-Atwood (5)] have been observed. At least four 
patients have died during venesections which had been recommended 
for diagnostic purposes or for treatment [Goldfiam (50) Atwood (5)] 
Two susceptible persons died daring paralisis which was attributed 
to a superimposed thyrotoxicosrs One sunerer from hereditarv 
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paralysis by a high carbohydrate meal has been mentioned In 
patients -with thyrotoxicosis, removal of sugar from the intestinal 
tract may proceed at a faster rate than m normal persons [Althausen 
(181)], while m animals, CoggeshaU and Green (189) have produced 
rapid depletion of hver glycogen with mgestion of thjroid extract m 
spite of an adequate carbohydrate mtake Secondly, adrenalin is 
equally detrimental to patients with penodic paralysis and to those 
with thjTotoxicosis [Goetsch (196)] Lastly, patients who develop 
typical penodic paralysis with enlargement of the thjTOid are reheved 
of paraljdic attacks foUowmg thyroidectomy It seems reasonable 
to us to beheve that in some patients with thyroid disturbance penodic 
paralysis appears as a sjonptom and may be related to excessive 
adrenahn production or sensitization to adrenahn by thyroxme 
The precipitation of paralysis dunng excessive assimilation of desoxy- 
coriicosterone acetate m patients undergomg treatment for Addison’s 
disease has been discussed A disturbance of carbohydrate metab- 
ohsm exists m patients with Addison’s disease as it does m patients 
with thjTotoxicosis A retarded excretion of potassium by the 
kidneys in adrenal insufficiency, however, maintams a high concen- 
tration of potassium m the serum and protects agamst episodes 
of paralysis FoUowmg the excessive assimilation of desoxycorti- 
costerone acetate dunng treatment, increased excretion of potassium 
results and the concentration of serum potassium may be decreased 
to 2 5 miUiequivalents or less This is possible without restoration 
of the dysfunction of carbohydrate metabohsm This situation 


provides an appropnate setting for penodic paralysis 

Symptoms of migraine may appear in patients with penodic paral- 
ysis either dunng attacks or earher in hfe before their onset [Higier 
(198), Shakhnowitsch (83), Janota and Weber (42), Ziegler (180), 
Maclachlan (52)] Migrame may appear also m non-affected rela- 
tives of patients susceptible to paralysis The largest senes of such a 
combmation has been reported by Holtzapple (41) In four genera- 
tions of one family, thirteen members suffered from paralysis without 
migrame, a sumlar number suffered from migrame without penodic 
paralysis, while five suffered from paralysis as veU as migrame This 
wnter mterpreted an attack of migrame as the equivalent of an attack 
of paralysis The co-existence of epilepsy and penodic paralysis is 
observed mfrequently [Bomstein (102), Longo (51)] 
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to protect against mild attacks Early in this centnrj’^ the significance 
of the potassium efiect was appreaated m the prevention of paralysis 
bj' Smger and Goodbody who advised potassium acetate, and by 
Buzzard (12) who advised potassium tartrate These early reports 
should not be overlooked now that potassium has been rediscovered 
as a substance useful m the care of patients with periodic paralysis 
"^fith the recently acquired knowledge of the importance of po- 
tassium salts m neuro-muscular disorders, larger amounts than were 
formerty used are now recommended Some patients require from 
10 to 15 grams of potassium chloride per day as an efiective preventive 
dose At other tunes or m other patients from 2 to 5 grams may be 
adequate {Hemngton (35)] A portion of the total amount mgested 
each da}' should be taken at bedtime Until additional evidence is 
available it is beheved that mgestion of potassium salts diould be 
maintamed mdefiniteh' In the absence of renal msuffiaenc}’^, no 
harmful efiects are to be antiapated from contmuous daily therapy. 

An inexpensive method for preparation of potassium chlonde is a 25 
per cent aqueous solution, one teaspoonful of this solution contains 
approximately 1 gram of salt An aqueous solution is less imtatmg 
to the gastromtestmal tract than are compressed tablets or gelatm 
capsules which contam potassium chlonde The use of entenc coated 
tablets IS a luxury 


TREATMENT 

Potassium chlonde is as effective m the treatment of attacks of 
penodic paralysis as it is m the prevention of them [Gardner (119), 
Aitken et al (2)] Oral admimstration of from 2 to 10 grams m an 
aqueous solution usually is adequate In patients unable to swallow, 
this may be admimstered by stomach tube Experimentally, po- 
tassium chlonde has been mjected mtravenousl}' [Pudenz et al (77)] 
with prompt subsidence of paralysis 

SraiMARY 

Penodic paralysis as a sjmptom complex is discussed The char- 
acteristic tnad of the syndrome mdudes penodic paral}’'sis, loss of 
reflexes and loss of electncal exatabihty There is no loss of con- 
saousness The sTOdrome appears as an hereditary trait m certam 
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penodic paralysis was burned to death in the Russian Army by fellow 
soldiers because he was thought to have been a mahngerer Isolated 
mstances are reported of patients dying with paralysis and an infection 
such as acute otitis media, pneumoma, puerperal fever and acute 
entero-cohtis Since penodic paralysis has a mortahty of approx- 
imately 10 per cent, a guarded ultimate prognosis should be given 

PREVENTION 

In penodic paralysis as m man}'' other aflhctions, a state of good 
health appears to be an important factor in prevention Particular 
attention should be paid to the prevention of acute infections and 
mcipient symptoms of diseases -with which penodic paralysis is 
assoaated Avoidance of strenuous exercise, prolonged rest m bed, 
exposure to cold and dampness, and emotional exatement are im- 
portant Gestation appears to exert a favorable influence on the 
mcidence of attacks [Janota and Weber (42)] In one patient studied 
by Cousot (17), pregnancy was followed by complete freedom from 
seizures 

Regulation of the carbohydrate content of the diet should be easy 
to execute and is one of the essential stones m the foundation of pre- 
vention Smce a high carbohydrate mtake is a frequent mator of 
acute attacks, avoidance of sugar debauches is theoretically sound and 
practically effective Not more than 100 grams of carbohydrate 
should be mgested at one meal A 6 meal a day regimen may be 
useful for those patients who are particularly susceptible to carbo- 
hydrates Candy, preserves, and pastnes should be mgested m 
temperate quantities 

The protection afforded by the mgestion of potassium salts may not 
be complete, but the frequency of mild attacks is reduced and the 
seventy of the major ones is diminished Potassium bromide was 
probably the first potassium salt to be recommended for penodic 
paralysis Goldflam (30) commented on its therapeutic efiSaency m 
1891, while m 1904 Holtzapple (40) stated that he had used it suc- 
cessfully for 18 years m the treatment of one of his patients The 
mdications were probably empinc and greater therapeutic effect was 
attributed to the brormde than to the potassium ion The quantities 
recommended, however, were large and contamed sufficient potassium 
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The foUovnng mommg there was normal function in the arms, but the legs 
were weak By noon the weakness had disappeared During the inter- 
vening 5 3'ears he had mam - similar attacks m the night. The attacks 
occurred as often as four a week and as infrequentlv- as e%-ei3" 6 months 
The severe attacks lasted as long as 12 hours During paralysiSj the patient 
was able to void and defecate if earned to the bathroom The only pro- 
dromatal sj-mptoms were fatigue on the evenmg before the attack and a 
desire to retire earl\- 

On ph\-sical examination be appeared undernourished He had an 
adenoid facies and promment frontal bosses He had a lethargic appear- 
ance when he was in repose The heart and lungs were n^ative. The 
muscle groups of the arms and 1^ appeared small for a bod\- of 12 The 
neuiogical exanunation was n^ti\-e The unne examination and blood 
cell connts were normal The blood Hinton reaction was n^th-e The 
basal metabohe rate was -h26 percent. The cerebrospmal fliud dynamics 
werenormaL No cells were seen Thetotalprotemwas20mg per 100 cc., 
sugar was 66 mg per 100 cc The gold sol cur\-e was 0000000000 Elec- 
trical reaction to faradic and gali-anic current was normal The x-rzys 
of the skull and chest were normal 

He was transferred to the metabolism ward where he was obsers-ed for 
more than two months On March 19, 1938 he was gn*en 100 grams of 
glucose p o Three hours later he began to feel weak, lost the coordination 
of his 1^ and the strength of his gnp Four hours after the glucose was 
gn-en he was helpl^ m bed The deep reflexes were present but less 
active than on admission No muscle contractions were ehdted with 
faradic current. The gah-amc current produced shght contractions m the 
right arm, no contractions m the left arm or l^s 10 grams of potassium 
chlonde was gn-en bj- mouth Two hours later he was able to move about 
normalh- and experienced no after effects 

A constant dietan.- regimen was b^un March 23, 193S, and continued 
for approximateli' 7 weeks The stud}- was drv-ided mto 13 periods of 4 
da}-s each Food was procured m 4 day batches and an ahquot of each 
batch was analyzed for water, sodium, potassium calcium, chloride, phos- 
phate and mtrogen content A prehnunary 4 day period was used as a 
control to allow the patient to come mto mtrogen and salt equilibnum 
Urme and stools were discarded m this penod Begmnmg with the fifth 
day of the metabohe regime 12 pienods were obtained Stools were col- 
lected and partitioned mto 4 day periods and anal\-zed for the same con- 
stituents as the diet TJrmes were collected and partitioned mto 24 hours 
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families, sporadically m susceptible persons, m association with 
thyroid disease and malaria, and following a high carbohydrate meal 
durmg excessive assimilation of desoxycorticosterone acetate m the 
treatment of Addison’s disease In all mstances, except for the 
hereditary cases, there is a strong predilection for the male sex The 
tendency to penodic paralysis may appear m famihes as a donunant 
or as a recessive trait There may be several factors which mcite 
attacks They mclude strenuous exercise and high carbohydrate m- 
gestion Both maj"^ be associated with increased adrenahn production 

A constant finding durmg attacks of paralysis is a decrease m con- 
centration of serum potassium Experimental data mdicate that the 
potassium migrates from the serum mto the extra- vascular areas, pre- 
sumably mto the mtra-ceUular spaces The pathogenesis of the 
syndrome is thought to be mtimately associated with this redistnbu- 
tion of potassium Subsidence of paralysis is accompanied by restora- 
tion of the concentration of serum potassium It is beheved that 
penodic paralysis is a syndrome which may be observed under vanous 
circumstances, but whatever the association it is mcited by the same 
underlymg metabohc dysfunction It is quite possible that many 
persons are susceptible to penodic paralysis under certain circum- 
stances If this assumption is correct, penodic paralysis may be 
mterpreted as an abnormal physiological response just as hyper- 
ventilation tetany and heat cramps are exaggerated physiological 
responses 

PROTOCOL 

C G , M G H Unit No 111014, a white Amencan-bom boy, aged 12, 
was admitted to the hospital on March 14, 1938, complammg of periodic 
attacks of weakness and paralysis smce the age of 7 A dihgent mterroga- 
tion of the patient’s family failed to reveal any history among known rela- 
tives of a similar disorder The mother and maternal grandmother suffered 
from migrame The patient had chickenpox, measles, mumps without any 
serious sequellae His mother beheved that he had been underweight for 
some time and was never as robust as were his friends 

He awoke m the middle of the mght durmg his seventh year and was 
imable to move any extremity Movement of the head and neck was 
limited There was no disturbance of sensation or loss of sphmcter control 
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specimens Each day’s output was analyzed for ammoma, total base, 
titratable acid, creatine and creatinine m addition to the constituents 
detemuned m diets and stools The pH of the urine was measured also 

Several experimental procedures were mvestigated durmg this tune 
They are enumerated m the remarks of the various tables 100 gm of 
glucose was successful m mducmg an attack on 3 subsequent days No 
attacks were mduced if the mgestion of glucose had been preceded on one 
or more days by mgestion of potassium phosphate, potassium citrate, 
ammomum phosphate or thiaimn chlonde No attack was mduced by 25 
umts of insulm or 11 minims of adrenahn, 1/1000 dilution 

The patient was discharged after the completion of the metabohc studies 
He was advised to restrict his carbohydrate mtake and to take from 2 to 4 
grams per day of potassium chloride dissolved m water The followmg 24 
months he gamed 32 pounds of weight and took on the appearance of a 
normal healthy boy On several occasions m this mterval, he stopped the 
mgestion of potassium chlonde either experimentally, accordmg to our 
suggestion, or because his domestic supply was exhausted An attack of 
weakness or paralysis usually followed withm a few days Resumption 
of the salt was associated with freedom from symptoms Followmg Christ- 
mas dinner on one occasion and a children’s party on another, he developed 
paralysis m spite of the mgestion of potassium It was evident that from 
2 to 4 grams of potassium chlonde would prevent attacks under normal 
conditions, but not after excessive carbohydrate mtake 
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Report tl'' ^es the texni '“Xeptospiross icterohemorrhcgicc rvitii 
some lUStiHcc.tio'a but it is r. bulky term vrhich tends to be shortened, 
to ‘Xeptospirosis . this latter bdng incorrect because there are other 
strrans of Leptospira trhich produce disease in man li\ e reel that 
with a full understanding ot the nature ot the disease ‘ eil s Disease 
is a simple and adequate terminolog}.- which should be retained, it 
amiihes the acute systemic infection caused by L^piosp^rc 'clcro- 
} CP cnJ c£ Gc and no other entiti* 

AMESIC-Aac AAT) WOKXI) IXCTDEXCE 

Inada (4l m 1916 reported that a spirochete was the causatiwe 
agent and Noguchi (,71 dassihed the orgamsm and named it Lcpiosp.ra 
^cfcroi crrcrr} cp:cc Packchanian (47) has unearthed the interesting 
fact that Stimson (461 discot’ered a spirochete m the organs of a 
person d\mg of what was then thought to be yellow fever He called 
this organism Sp rcchic 't.Scrro-crs because of its shape Wads- 
worth (S'' m 1922 hrst recogmaed a case of Weil s Disease in this 
countiy and proved the diagnosis. In 1935 Jeghers (51 reinewed 
the .\merican literature and foand eleven reported cases In 1937 
Packchaman foand 32 pro^-ed cases (47) Eighteen of these were 
from other obserc'ers and 14 were his own He does not giin any 
of the details of these cases Smce that time there ha\'e been re- 
ported about 35 (37 56 17 44 93 24 97 9Sl others making a total 
to date of 67 cases (includmg our own sei’en exdudmg Hawauan 
cases) 

In 1959 there appeared a reinew from the Netherlands m which 
574 cases were exhausUvdi' studied (H. The number reported in 
England (9) France (lOl and Germany (11) runs well o^er a thou- 
sand Large numbers of cases are reported from Japan (261 It 
has been found to be rdato-ely common m Demamk (12) Austria 
(131 Eg\-pt (14) and parts of South Amenca (151 Wed s Disease 
has been reported from nearly evei\* dvilized countiy. (Walch- 
Sorgdrager (11 hsts 46 countries m which the disease has been de- 
scribed 1 It has been described and treated by Japanese observers 
m the Phdippines more frequently than m the Hmted States (76 
1021 tAby then has it been rarely diagnosed and more rarely 
pro^ed in this country^ 
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prostration, ac hin g muscular pam, a high fever, and frequently intli 
the subsequent development of jaundice, e^^dence of renal failure, 
and a hemorrhagic diathesis 

In our study of this disease, we have been gratified to find that 
after the identification of the first case, the hospital staff have been 
able to make the chmcal diagnosis of Wed’s Disease with comparatne 
ease, j’et there has been no over-enthusiasm resultmg m unwarranted 
diagnosis 

In this presentation we have borrowed freely from a great mass of 
foreign hterature We have no first-hand knowledge of the disease 
as it exists in Europe and the Orient and have used the material from 
the world hterature onlj^ to add scope, emphasis, and clanty to the 
information we have derived from a study of our ovm and other 
Amencan cases 


HtSTOSy 

Pnor to Wed’s (3) classic descnption in 1886, a few epidemics of 
jaundice were descnbed which, m some respects, resemble the disease 
as we now recognize it (1) In 1800, Larrey (2) noted certain cases 
with j'aundice, hemorrhage, mjected conjunctivae, and renal fadure, 
among French soldiers m Egypt Packchaman (47) beheves some 
of the jaundice seen in the Amencan CiatI War was probably of a 
similar nature In 1886, Wed (3) described the disease in detad, 
differentiatmg it from other types of acute jaundice, and reported four 
cases in young men, aU of whom got well These four cases were 
characterized by sudden onset with severe shakmg chills, prostration, 
jaundice, hepatomegaly, splenomegaly, hemorrhagic tendency, and 
evidence of renal fadure 


NOMENCLATURE 

As we know the disease today, the severe shakmg chill is uncommon 
(though chilly sensations are frequent), and splenomegaty is absent 
except m cases with a pre-existing enlargement of the spleen 

Because of these differences, many authors have suggested other 
names for the disease “Spirochetal Jaundice” has been suggested 
(4), but it is less satisfactory than “Wed’s Disease” because nearly 
fifty per cent of the cases show no jaundice The League of Nations 
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cats pigs (21'\ foxes (2Sl. and horses (22) Students of the 
subject (1, 51 agree that the vast majority of known cases come from 
direct contact vath the excreta oi rats The causative organism will 
hve for a period longer than three weeks (61 m stagnant water which 
is neutral or shghtly alkaline. In the ^setherlands it has been shown 
(ll that 91 per cent of the cases come irom contact with water and 
onlv 9 per cent irom those whose occupations necessitate the fre- 
quent handlins oi rats It has been ^own that water iniected with 
the excreta oi spirochete-canx'ing rats may infect man either through 
abraaons on the skin 1491 throngh the gastro-intestmal tract (41 — 
probably unusual because the normal gastric acidity* destroys the 
Leptospira — ^through the nasal mucous memorane 1^51, or through 
the mucoas membrane oi the conjanc^i^■ae oi the e\-e (771 The older 
theory' resulting from experiences with jaundice in the trenches 
during the World War namely that the Z :c‘<rpL-r err/ j-.'c:- wiU 
pass through the unbroken skin is probably not correct. 

Most oi the cases reported in this counm- have been in persons 
whose occupations demanded working in wet places where rats were 
common (1, 44\ Cutters and cleaners of hdi are frequently in- 
fected The organism grows well in nsh skins It has been reported 
in miners who work in wet min^ (461 sewer workers (3S1 tunnel 
diggers and possibly in those who have been swimming in contami- 
nated water (411 Two cases ha\-e been reported (24 171 oi im'ection 
via iniected dogs It has been reported in butchers (591 and in a 
veterinarian (171 In many oi the American cases the source oi 
iniection is unknown 

Studies in Europe mdicate that one may expect to had the disease 
in aU rat-iniested places where water k permitted to remain for a 
penod oi time (7 31 61 In Rotterdam (11 71 cases have been re- 
ported from acadental falhng mto drrri- canals and also from swim- 
ming in one oi the local swimming pools in which the daily exchange oi 
water is not sumcient to keep the pool clean In .Aberdeen it is 
known as the nrii-workers disease (531 The disease was demon- 
strated in cooks during the great war (2S1 and it is not uncommon m 
sugar-cane cutters in the tropics (291 . In Japan the disease is common 
among nee neld workers ^26^ and it has been lound that adding an 
acid iertiliaer to the fields before fiooding will matenaliy cut down 
the incioence ot the oisease (271 2klanv cases have been reported 
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A Study of American rats (the common vector) has shown that 
they are infected wnth the same frequency as European rats (16) 
The occupations in which it is commonl)’- found in Europe — sewer 
workers, fish cleaners, and workers in damp nunes, ditches, and 
tunnels — are common occupations m Amenca In general, our laws 
do not provide for a more satisfactorj’' ehmmation of rats than is 
earned out in France, England, and German}’’, though it must be 
admitted that our sewage disposal systems make it less likely that the 
excreta of sewer rats come mto contact with those employed to 
mamtain the sewer systems There is no reason to suppose that we 
are an immune race of people 

The reasons for this discrepancy are probably numerous Me} er 
(17), m San Franasco, has found that when Weil’s Disease is carefully 
searched for, it is not difficult to find Amencan textbooks of medi- 
cme have desenbed the disease poorly, emphasizing chills and 
splenomegaly, which are rarely present American City and State 
Health Laboratones are not eqmpped to estabhsh the diagnosis, 
IMost doctors in this country have felt that it is a rare or unknown 
disease here, and consequently rarely consider it in their differential 
diagnosis Few physiaans are aware that only 50 per cent of the 
cases have jaundice Finally, m those few laboratones in which astute 
chmaans have attempted to prove the diagnosis, they have frequently 
failed because they have not been famihar ■with the precautions which 
must be taken m order to estabhsh the diagnosis in each of the three 
distinct stages of the disease 

We feel that Wed’s Disease is probably not rare in this country 
and since, untreated, it has a mortahty rate of about 30 per cent in 
jaundiced cases, we feel justified m again calhng attention to a 
disease desenbed 54 years ago Also, we feel that better recogmtion 
of the disease is desirable because therapy is simple and effective, but 
will not become easdy avadable untd the true madence and im- 
portance of the disease is better reahzed 

MODE OF INFECTION 

The Leptospira ictcrohemorrhagiae^ is foimd in the excreta of better 
than 10 per cent of adult common gray rats (5) It has also been 
found not infrequently in dogs (19), and is known m field mice (1), 

1 For detailed descnption of the organism, see section on diagnosis 
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SEASOXAE IXCIDEXCE OE THE DISEASE 

Tile -^-ast maioriU' ox tlie cases reported in this countr\' occurred 
during the summer months June July August, and September. 
A similar maximal mddence in the months of July. August and 
September is reported in Europe (1) 

CITXICLAL FEATCEES OE THE DISEASE 

The rhnir?.l course of the disease may be diiided into three stages 
■which nm one mto the other -without a sharp hue of demarcation 
These stages are important for diagnosis, and a thorough knowledge 
of the features of each stage is essential if one -wishes to apph' cor- 
rectly the various diagnostic procedures 
The best eiddence for determining the incubation period of the 
disease is found in acadentalli- infected cases among laboratoiA* 
workers Inada reports five to seven dnAE (4) In 56 carefuUi* 
selected cases Walch-Sorgdrager (1) found a range of from 4 to 19 
daA-s -with a mean mcubation period of 9 5 da\-s m aU cases whether 
ictenc or non-icteric Jeghers (5) quoting Schufiner, found the 
mean to be 10 3 daj-s The length of the incubation does not appear 
to be of prognostic significance 

First stage The first stage is called the septicenuc stage of the 
disease and it lasts from two to ifine daAE usually five (1) In this 
stage the spirochete is circulating in the blood stream and can be 
found in blood serum or plasma During this stage there are no 
specific antibodies in the blood and the organism is not excreted in 
the urme to any appreciable extent The first stage mdudes the 
onset 01 the disease and all agns and siTuptoms up to and indusive of 
the onset of jaundice In non-jaundiced cases it may be said to last 
as long as spirochetes are demonstrable m the circulating blood 
The onset of the disease is sudden (even in mild cases) ; not infre- 
quentli' the patient can name the exact hour at which he became fll 
Charactenstically there is an abrupt onset of severe headache usually 
frontal but occasionally bitemporal or ocapital often assodated 
■with chiUy sensations and severe prostration Occasional!}- (seven 
-American cases) there is a sei-ere shaking chiU but this is bj* no means 
a constant findmg One of our cases — ^Xo 2 — ^had an imtial rkiP 
^luscular achmg espedalli of the musdes of the calves of the legs 
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from dnnkmg contaminated water (30), although these are not all 
authentic Fish workers (31) and sewer workers (99) are commonl} 
mfected in London and Pans In England (25), Weil’s Disease is 
now considered an occupational disease m certain industries in which 
wet floors are imavoidable, and industrial compensation has been paid 
m a fatal case It has now been recogmzed as a compensable oc- 
cupational disease in fish workers m New York (37) One case has 
been reported of transmission via copulation (103), and one has been 
reported of mtrauterme infection of the foetus (102) However, 
man-to-man infections must be rare in spite of the fact that \nrulent 
orgamsms may be excreted in the unne for weeks 

AGE AND SEX DISTRIBUTION 

Of the reported cases m this country, more than 90 per cent were 
males This striking male preponderance is also com m on in Europe 
(1) and m Japan (26) 

In a series reported from the Institute for Tropical Hygiene m 
Amsterdam (1) (363 cases), 323 were males and 40 were females 
Smith and Davidson (6) have shown that this is not a sex-hnked 
susceptibflity, but purely an occupational difference In 210 fish 
workers tested, there were many more women with the disease than 
men, and in that group the proportion of women to men in the in- 
dustry was 10 3 The ratio of infected workers, women to men, 
was 191 3 

Weil’s Disease is rare in children One case (24) has been reported 
in this coimtry m a child aged three, and m that instance the im- 
mediate contact came from a dog and not directly from rats * Hmdle 
and Brown (31) descnbed a small epidemic in children in England 
Apparently mtrautenne foetal infection can occur (103) Walch- 
Sorgdrager (1) reports the following age inadence in 370 collected 
cases 


Age 1-10 

11 cases 

10-40 

210 cases 

40-60 

49 cases 

60 and over 

15 cases 

Age unknown 

85 cases 


370 cases 


* The authenbatj of this case has been questioned (36) 
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nuchal tenderness and rigidity The French (91) describe true 
opisthotonos, but this s 3 Tnptoni is rare 
Feukocytosis is present from the onset, and is usually between 
14,000 and 20,000, with a marked increase in young polymorpho- 
nuclear leukocytes Myelocytes are not uncommon Early there 
IS shght anenua, and even though the hemorrhagic tendency is promi- 
nent, the platelets and prothrombin time are normal The urine is 
scanty m amount and may show only moderate amounts of albumin, 
or may show all the abnormahties of acute glomerulo-nephritis or the 
nephrotic s 5 mdrome Early in the disease bile and urobilinogen are 
absent The sputum, when present, is frequently foamy and may 
contain bright blood Only mouth contaminant orgamsms are found 
In the two of our cases with sputum, both were bloody and neither 
contamed a pneumococcus which could be typed, or demonstrable 
spirochetes The vomitus contains ingested food and bile It 
usually gives a positive benzidine reaction, but gross blood is not 
found unless there is assoaated epistasis or hemoptysis The stool 
IS normal but occasionally may give a positive guaiac test The 
spinal fliud has been examined infrequently in this country, and not 
as routinely as nught be desired in Europe In most cases there is a 
moderate increase in protein, the Tandy reaction is positive, and 
there is an mcrease in cells The range may be 50 to 1,000 cells, of 
which approximately 50 per cent are polymorphonuclear leukocytes, 
and 50 per cent lymphocytes The spinal fluid pressure is normal 
or elevated The chlorides and sugar have not been studied suf- 
ficiently to draw conclusions A peUide is formed in many cases 
The spirochetes have been cultured from the cerebro-spmal flmd by 
European observers (91-94), but this finding has not been verified in 
this country We do not doubt that they are present The blood 
urea mtrogen is elevated and increases rapidly as the disease pro- 
gresses Blood urea mtrogen levels of 50 to 100 mgm per cent are 
common, and we have seen them reach 150 mgm per cent The 
blood sugar and chlondes are normal Unless there is complete 
anuria, the CO 2 combming power is not markedly abnormal When 
anuna occurs evidence of profound acidosis may be present 

In this stage, the L iclerohemorrhagiac may be found by direct 

* A recent personal co mm u ni cation mdicates that leptospiral menmgitis does exit m 
this country and will be described soon 
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the back, and the extraocular muscles, is pronounced, and there is 
tenderness on slight pressure over the calves Anorexia quickly 
becomes pronounced, and frequently nausea and vomiting are per- 
sistent and severe symptoms Abdominal muscle pam may be as- 
soaated ivith vomitmg, and the condition may be difficult to dis- 
tmguish from an acute "surgical abdomen ” Cough and hiccough 
are common and frequently assoaated with sputum which may be 
bloody, suggesting pneumoma, and this may actually be present 
Ph5’’sical exammation in the first stage of the disease reveals a 
high fever (102 to 106°F ), a pulse which is full and fast but not 
infrequently less rapid than would be expected from the temperature, 
normal or rapid respiration, and normal or somewhat low blood pres- 
sure The patient appears acutely and senousty lU The skin is hot 
and dr}' Herpes is unusual and when present is usually hemorrhagic 
Uncommonly one may find a rash It usually does not appear until 
the second stage The ocular conjimctiva is moderate!}- mjected, 
frequently suggestmg "pink eye ” The pharynx is sbghtly mjected, 
though the patient is usually unaware of a sore throat Our Case 
Xo 1 had severe sore throat as his presentmg complaint L}T3iph- 
adenopathy is conspicuous by its absence The chest and lungs may 
be normal or may show emdence of patch}* pneumomc consohdation 
In the latter cases the rales are more moist than those found m typical 
lobar pneumoma, even though the sputum frequently appears t}pical 
of pneumococcus infection The heart shows httle save tachy- 
cardia Rarely a pronounced bradycardia may appear Even in 
the first stages, evidences of capdlaiy damage may appear as petechial 
and ecchymotic hemorrhages scattered over the body, and small 
hematomas after vem pimctme are common The abdomen is soft 
and flat Tenderness may be present, but careful exammation reveals 
that it IS muscle wall tenderness and not the result of pentoneal ir- 
ritation or mflammation Penstalsis is present and normal Rarely, 
when the hemorrhagic tendency is severe, pentoneal petechial hemor- 
rhages may occur, givmg all the evidences of an acute abdomen, 
however, the presence of purpura elsewhere usually indicates the 
cause The muscles of the legs and back are tender Not infre- 
quently there is muscle tenderness m the neck, and shght or marked 
nuchal ngidit}’^ The deep and superficial tendon reflexes are dimin- 
ished Kermg s sign may be positiv'e in those cases with marked 
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nuchal tenderness and ngidity. The French (91) describe true 
opisthotonos, but this symptom is rare 
Leukocytosis is present from the onset and is usually between 
14 000 and 20,000, with a marked increase in young polj-morpho- 
nudear leukocAdes 2^Iyeloc\*tes are not uncommon Earh- there 
is shght aneroia and even though the hemorrhagic tendency is promi- 
nent, the platelets and prothrombm time are normal The uime is 
scantv* m amount and may show only moderate amounts of alburmn, 
or may show all the abnormahties of acute glomerulo-nephntis or the 
nephrotic s^-ndrome Earl}' m the disease bile and urobihnogen are 
absent The sputum when present is frequently foamy and may 
contam bright blood Only mouth contaminant organisms are found 

In the two of our cases with sputum, both were bloody and neither 
contamed a pneumococcus which could be t}ped, or demonstrable 
spirochetes The vomitus contains ingested food and bile It 
usually gives a positive benzidme reaction but gross blood is not 
found unless there is assoaated epistaas or hemoptj'sis The stool 
is normal but occasionally may gi\e a positive guaiac test The 
spmal fluid has been examined infrequently m this countiy and not 
as routmely as might be desired m Europe In most cases there is a 
moderate mcrease m protein, the Pandy reaction is positive, and 
there is an mcrease m cells The range maj' be 50 to 1,000 cells, of 
which approximately 50 per cent are polymorphonuclear leukocx'tes 
and 50 per cent limphociTes The spinal fluid pressure is normal 
or elevated The chlorides and sugar have not been studied suf- 
fiaently to draw conclusions A pelhde is formed m many cases 
The spirochetes have been cultured from the cerebro-spmal fluid by 
European obseivers (91-94), but this finding has not been verified m 
this country* We do not doubt that they are present The blood 
urea nitrogen is elevated and mcreases rapidly as the disease pro- 
gresses Blood urea mtrogen levels of 50 to 100 mgm per cent are 
common and we have seen them reach 150 mgm per cent The 
blood sugar and chlorides are normal Unless there is complete 
anuna the CO- combimng power is not markedly abnormal When 
anuna occurs evidence of profound aadosis may be present 

In this stage the L ictcrohcirorrl agiac may be found bv direct 

* A leceat personal communication indicates that leptospiral memngiUs does emt in 
this cojntrj and mill be described soon 
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dark-field examination of the blood, or may be cultured from the 
blood or spinal flmd in suitable media The technique for dark-field 
examination is described subsequently 

The symptoms and signs increase in severity as the disease pro- 
gresses, and the temperature remains high throughout the first stage 
of the disease On about the fifth or sixth day of the disease the 
temperature falls abruptly to near normal, and jaundice appears 
Even though the patient’s temperature chart looks as though he ought 
to be better, it is obvious from his appearance that his condition is 
worse Thus is the second stage ushered in 

Second stage The second stage has been called the “icteric” stage, 
an unsatisfactory term, because not aU cases are icteric Jegher’s 
(5) term “Toxic Stage” is hardly suitable, because in the non-ictenc 
mild groups, the symptoms of profound toxicity are no more apparent 
than is the icterus When one considers the symptoms and signs 
of the worst fatal case in this stage and compares them with those of 
the imldest non-ictenc case, they have little in common For practical 
purposes the non-icteric group of cases has no second stage, except 
m those patients with severe memngitis described by the French 
(91) They go directly into convalescence Exclusive of those 
cases which are fatal before the 10th or 12th day, aU cases have a 
period of a week or more during which the orgamsm disappears from 
the blood, appears in the unne, and speafic agglutimns and lysins 
begin to appear m the blood Schuffner’s (19) dictum that “Wfiiere 
there is no jaundice there is no mortahty,” apphes generally except 
in the so-called “Spirochetose memngee pure” (57, 91), which will 
be discussed later 

Therefore, we suggest the use of the simple term, second stage, to 
sigmfy that stage of the disease in which the normal mechamsms of 
the body either win or lose the battle against the invading spirochete 

Inada (4) states that jaundice appears in the nuddle of the first 
week Strasburger (78) gives from the third to the mnth day in- 
clusive Martin and Pettit (32), m a careful study of 132 cases, found 
that it appeared most frequently on the fifth day, the range being two 
to ten days In our seven cases, jaundice appeared on the third, 
fourth, sixth, and mnth days 

The intensity of the jaimdice increases rapidly and may vary be- 
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sreen just detectable icterus and a profound, intense bright orange- 
ellow jaundice Icterus indices as high as 325 have been found in 
lur cases 

Only one non-ictenc case has been reported in this countr}* (17) “ 
n Europe hove^ er as students of the subject became more famihar 
dth the disease the inadence of non-ictenc proven cases rose rapidl}^, 
intil at the present time analysis of large collected groups of cases 
hows that not more than 50 per cent ever became jaundiced (1) 
t few authors find the number even lower The following table from 
Yalch-Sorgdrager shows the jaundice inadence observed bj- a number 
)f authors 



N-Ul£BEEOP 

CASES 

VTVRTTf WITH 
JATTSDICX 

PEE CEKT WITH 
JAT7«>ICE 

!do. Warn 

56 

23 

41 

5tokes, Rjle T-v tier 

100 

60 

60 

Itrasburger 

26 

23 

SS 5 

rhower 

27 ! 

27 

100 

uoiando 


25 

71 

Isetherknds 

(Institute Tropical Medicine) 

o5 1 

542 

203 

60 7 

(Kramer, Rotterdam) 

73 

28 

38 3 

Davidson, Campbell, Roe, and Smith 

15 

11 

78 3 


Apparentl\% famihanty with the disease available diagnostic 
methods, and mtensitj’ of search determine the percentage of non- 
ictenc cases diagnosed 

Earty m the second stage the e\ndence of renal failure becomes pro- 
nounced Ohguna may become marked, and occasionaUj' anuna 
develops The urea retention maeases and e\'idence of renal aa- 
dosis ma}' appear 

The hemorrhagic tendencj' becomes more apparent Purpunc 
and ecchjmotic spots on the skin are common and the}’’ maj' appear 
m the mucous membranes of the mouth, the nose, and the vagina 
The conjuncti\ae may show petechial hemorrhages, and scleral ec- 
chjmosis maj’^ appear 

Vomiting usuallj' stops early m the second stage and complete 
anorexia is common 

* There are probablj two or three others (56) 
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dark-field examination of the blood, or may be cultured from the 
blood or spinal flmd in smtable media The techmque for dark-field 
examination is described subsequently 

The sjonptoms and signs increase in seventy as the disease pro- 
gresses, and the temperature remains high throughout the first stage 
of the disease On about the fifth or sixth day of the disease the 
temperature falls abruptly to near normal, and jaundice appears 
Even though the patient’s temperature chart looks as though he ought 
to be better, it is obvious from his appearance that his condition is 
worse Thus is the second stage ushered in 

Second stage The second stage has been called the “ictenc” stage, 
an unsatisfactory term, because not aU cases are ictenc Jegher’s 
(5) term “Toxic Stage” is hardly smtable, because in the non-ictenc 
mild groups, the symptoms of profound toxicity are no more apparent 
than IS the icterus WTien one considers the symptoms and signs 
of the worst fatal case in this stage and compares them with those of 
the mildest non-ictenc case, they have httle m common For practical 
purposes the non-ictenc group of cases has no second stage, except 
m those patients with severe memngitis descnbed by the French 
(91) They go directly into convalescence Exclusive of those 
cases which are fatal before the 10th or 12th day, all cases have a 
penod of a week or more dunng which the orgamsm disappears from 
the blood, appears in the unne, and specific agglutiruns and lysms 
begin to appear in the blood Schuffner’s (19) dictum that “■V\Tiere 
there is no jaundice there is no mortahty,” apphes generally except 
m the so-called “Spirochetose memngee pure” (57, 91), which will 
be discussed later 

Therefore, we suggest the use of the simple term, second stage, to 
signify that stage of the disease m which the normal mechamsms of 
the body either win or lose the battle against the invading spirochete 

Inada (4) states that jaundice appears in the rmddle of the first 
week Strasbiuger (78) gives from the third to the nmth day in- 
clusive Martm and Pettit (32), in a careful stud)' of 132 cases, found 
that it appeared most frequently on the fifth day, the range bemg two 
to ten days In oiu seven cases, jaundice appeared on the third, 
fourth, sixth, and mnth days 

The mtensity of the jaimdice increases rapidly and may vary be- 
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Penstalsis is dimimshed Rarel 3 ’, there is moderate costovertebral 
tenderness when the hemorrhagic tendencj- is marked, possiblj’- m- 
dicatmg sub-capsular renal hemorrhage Tenderness m the muscles 
of the back and calves is less pronounced, and all of the tendon reflexes 
become dimimshed 

The laboratorj* data show a high and nsing icteric mdex and blood 
urea nitrogen The white blood count which was between 10,000 
and 14-,000, maj* remain the same, frequentl}-, however, with faJhng 
temperature and nsmg icterus, the white count ma}^ go up to leukemic 
levels of 30 000 to 50,000, and show large numbers of \-oung granulo- 
cj-tes The red count is usuaUj' somewhat lower than it was imtiahj'. 
We have not noted the fall m platelets and failure of clot retraction 
described bj* Pagmez (69) Profound aneima m the second stage is 
rare The unne is scantj- m amount deeply jaundiced, and shows 
mcreased amounts of alburmn cellular debns and casts Bile is 
found m the urme m large amounts The stools are hght m color 
but rarely acholic (our case No 1 had achohc stools for a few daj's) 
The CO; combmmg power is normal or low The blood sugar is 
imaltered The spmal fluid remams unchanged except for the de- 
velopment of a 3 'ellow tmge which ma^' be difierentiated from true 
xanthochromia by allowmg it to stand m a bnght hght If the color 
IS due to jaundice, it will fade The red-cell sedimentation rate is 
elevated moderately, and the prothrombm tune early m this stage is 
normal 

In the fatal cases, death usuallj* occurs between the 9th and the 
16th da%* (1) The Japanese fatahtj' rate m untreated cases was 
earlj' reported as 30 per cent (4) In larger senes of cases m Europe, 
it ranges from 11 9 per cent (1) — some of these were apparentl}’ 
serum-treated — to 60 per cent (4), m the most severe epidemics In 
this countrj' the mortahty rate to date is about 30 per cent 

Death ma\' occur as a result of renal failure (1), combined renal 
and hepatic failure, cardiac failure (71), as a result of the hemorrhage, 
from severe toxemia, or as a result of a comphcating temunal pneu- 
moma (our case No 5) Adrenal hemorrhages are common at au- 
topsy-, but there is no adequate e^•ldence of an adrenal death The 
meningitis rareN, if ever, kills A few rare comphcations have been 
described, which may be fatal thus myocarditis has been descnbed 
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Earty in the second stage of the disease, the temperature maj be 
qmte high, 103° to 101:°F , inth concomitant elevation of the pulse, 
but more frequentli* the temperature is low — ^98° to 101°F — and the 
pulse rate is relativel}’- high, 100 to 130 The temperature-pulse 
ratio IS frequenth’ reversed from the typhoid-like form frequently 
seen m the first stage The respirations may be normal but are often 
increased in rate and there may be prolonged expiration mdicative 
of aadosis 

The patient appears extremely toxic, and is serm-comatose Fre- 
quently he hes motionless, stanng at the ceihng and responds slowly 
to questions Agam, he may be agitated and dehrious, or, he maybe 
motionless except for his eyes, which search the room constantly’’, sug- 
gesting msual hallucmations Occasionally although the patient 
appears to be completely disoriented, he may respond fairly mteUi- 
gently to command but his responses are slow Usually' the com- 
plamt of headache, which was apparent in the first stage, is gone, and 
he may have no specific complaint 

Jaundice is easily apparent Emdence of pnintus is rare There 
may be hemorrhagic herpes labiahs [25 per cent of cases (70)] , crusted 
blood m the nose is common The conjunctimtis is much less ap- 
parent A measles-hke or scarletmaform rash has been described 
(1) m about 10 per cent of the cases m Europe Apparently’’ it is 
not prominent in .kmencan cases It may' have been present m our 
Case No 4 Nuchal ngidity is usually' absent, and there is httle or 
no lymphadenopathy The chest may be qmte clear or may show 
e’Vidence of patchy' consohdation, usually' m one of the lower lobes 
The heart is normal m size, and the rate is quite rapid Ectopic 
beats are not uncommon, pericardial fnction may' appear The 
heart tones are less distinct than preinously', they' are mufiled, and of 
poor quahty' Sy'stohc murmurs may appear Unless elevated by co- 
existing hypertension, the blood pressure tends to be at low normal 
levels The venous pressure is not elevated, and there is no endence 
of congestive failure but there may' be meagre e%ndence of penpheral 
circulatory' disturbance such as patchy' cyanosis and cold extremities 

In the abdomen, the hver is obmously enlarged, and, not uncom- 
monly, IS moderately' tender The spleen is usually' not palpable 
Ikloderate abdommal distention due to a low grade ileus is common 
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titers are demonstrable The serological techmque of Schuftner (19) 
IS accepted by hlej-er (17) and Packchaman (47) as highly satis- 
factor}’ for demonstratmg these antibodies Agglutmation in dilu- 
tions of over 1 300 is considered diagnostic of Wed’s Disease (1), and 
by the end of the third week the titer is frequentty over 1 10,000 
Earl}- m the second stage, then, the diagnosis depends upon the 
recogmtion of the chmcal picture, ivhich in severe cases is character- 
istic, and upon the identification of the Leptospira 'icteroliemorrhagiae 
m the unne The te chni que of this identification must be carefully 
followed to get results, and is described m detad subsequently hlany 
fadures to estabhsh the diagnosis m this countr}'^ are probably due to 
madequate knowledge of the detads essential to the demonstration 
of the leptospira by this method 

At the end of the second stage the patient begms to show defimte 
improvement m all the manifestations of the disease, and the third 
stage or stage of convalescence is mitiated, usually beginning on the 
14th to the 16th day, although its onset may be delayed to the end 
of the third week of the disease 

Third stage The third stage, or convalescent penod of the disease, 
begms msidiously some time m the latter part of the second week or 
m the third week of the disease The temperature is already down, 
and the icteric mdex begms to fall The e^-ldence of renal disease 
disappears and the patient becomes s}-mptom-free except for rather 
marked weakness Usually the hemorrhagic tendency is already 
gone by the time this stage begms, and the spmal flmd clears rapidly 

In this penod, the specific antibodies m the blood reach a very 
high titer, which is mamtamed for years After the third week of 
the disease, the diagnosis should be estabhshed by using the patient’s 
serum to agglutmate and l}’se the leptospira The reaction is highly 
specific 

Convalescence may be rapid — a week or two — or may last six, 
eight, or even ten weeks In some mstances the jaundice is very 
slow to recede, and it may be the last symptom to disappear 

At any time m the third, fourth, or fifth week of the disease, when 
the patient is sjmiptomatically well, he may have a relapse Such 
relapses occur suddenly, and may be accompamed by all of the s}-mp)- 
toms which imtiated the disease at its onset, or may be qmte mild, 
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(71) and Dragert (72) described two cases of acute ^egetatl\e endo- 
carditis m which leptospira were found, parotitis may deAelop, and 
may be fatal (30), concomitant disease such as typhoid or paraty- 
phoid (74), and malana (75), are reported Termmal purulent menin- 
gitis as a fatal complication was reported early by Inada et al (4) 
In the non-fatal cases, at about the end of the second week the 
patient becomes more rational and begms to have a diuresis This 
latter symptom usually indicates a favorable prognosis, but according 
to Lissner (76) ma}’’ be misleadmg The blood urea mtrogen begins 
to faU, and the jaundice to subside The general toxiaty dimimshes, 
the temperature is already near normal, and the pulse rate begins to 
fall At this time, two comphcations may appear 

The first of these, irtdocy chits, was first mentioned b}’’ Goebel 
(77) Strasburger (78) observed it m 44 per cent of cases mcludmg 
mild ones and m the Netherlands the figure is given as 10 per cent 
and is considered a minimum (1) It may be either unilateral or 
bilateral, mild, or so severe as to cause bhndness Walch-Sorgdrager 
(1) could find no cases without recovery 
The second, optic neuritis, is apparently less common, and is not of 
much importance 

Neither comphcation has been common m the Amencan cases 
Dunng the second stage the blood becomes sterile and the or- 
gamsms begm to appear in the urme Most of the ewdence (1) 
mdicates that the spirochetes begin to appear in the unne at about 
the end of the second week Korthof (80) says he could always find 
them between the 9th and the 16th days of the disease There is 
httle accurate information as to the length of time they persist in 
the urme Slot and Van den Walle (40) record their presence five 
months after onset, and Johnson (43) mdicates that he observed 
them after eleven months The techmcal difficulties of absolute 
identification from urme raises some question in these cases In the 
Netherlands the general feehng seems to be that they persist for only 
a few weeks (1) 

Dunng the penod of leptospiruna, specific antibodies begin to 
appear m the blood They can rarely be detected before the 9th or 
the 10th day, and are usually not of diagnostic titer imtil the 14th 
da}’^ B}' the end of the third week, very high agglutimn and lysin 
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presenting the classical sj-mptoms of sudden onset, severe headache, 
high fever, aching muscular pains with calf tenderness, albuminuria, 
and evidence of urea retention The onset of jaundice with a de- 
dinmg temperature after five, six, or seven days of illness practically 
chnches the diagnosis but the final proof must come from findmg the 
causative organism in one wa3* or another 
In the first week of the disease, the Lepfospira -ictcroheinorrhagiae 
IS circulating m the blood stream and can be demonstrated m the 
blood bj* dark field examination or b3* inoculating a suitable labora- 
tor3’ animal with blood intrapentoneall3’ and reproduang the disease 
The former method is the most simple, and should be routinel3' used 
The technique consists of examining blood under dark field illumina- 
tion with either the usual high diy lens or the oil immersion lens of 
the average microscope The L icterohemorrhagtae appears as an 
activety motde spirochete It is from 8 to 15 micra in length and 
appro5imatel3' ^ ^ micra in width It is tightl3' coiled, and when 
seen U5uall3* appears as a series of brightl3' refractile spots altematel3' 
mterspersed with non-refractile areas of the same size This phe- 
nomenon IS due to the fact that frequenth- onl3- the surface of the coil 
nearest the observer is refractile Careful stud3' will demonstrate 
the spuochetal nature of the orgamsm It differs from the well- 
known Treponema paUidun, m that it is much more tightl3- coiled 
and has a small, sharp hook at each end (occasionaIl3' at 01113- one end) 
which gives the orgamsm the appearance of an “S ’ or a “C It has 
inherent motiht3- three duections It moves across the stage, 
rotates ver3' rapidl3- on its own axis and also writhes m a whip- or 
snake-hke fashion The 01113- difficult3- one encounters in identif3-- 
ing the organism is the presence of m3-nads of mmute particles of 
fibrm and other partiall3- precipitated protem normall3- seen m blood 
which are m constant motion due to Brownian movement Careful 
stud3- differentiate these artifacts from the t3-pical truli- motile, 
rapidli- spmrung, spirochete Fortunateh- for diagnostic purposes, 
when the L ‘icterohcn.orrlmgiac is present m the blood, it is usuall3- 
present in large numbers Also incubation at 27 °C (m the vest 
pKjcket) will frequentl3- mcrease the number of organisms m the spec- 
imen and facihtate demonstration 
Blood (5 cc ) from a suspected case of Weil’s Disease ma3- be injected 
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Tvith onl}' aclung and anorexia The temperature usually rises to 
102° or higher durmg the relapse Such relapses are usually of only 
one or tivo days' duration, but may last a Tveek A relapse is 
apparently never of senous consequence (1) Commonly, there is 
only one relapse, but two or three of dimimshmg severity are not rare 
(1) The mcidence of relapse appears to be vanable in different parts 
of the world The figures given run from 28 to 75 per cent (70) 
They have been very mconspicuous m the Amencan cases, our case 
JSfo 4 had one relapse just after leaving the hospital 

In the convalescent penod, indocjmhtis may develop if it has not 
done so earher developmg late in the disease, it is usually mild and 
reqmres no special therapy except ocular rest Mild or severe penph- 
eral neuntis may develop (72), it is rarely severe, and proof is lacking 
that it IS due solely to the spirochete and not to vitarmn Bi deficiency 
The prognosis in such cases, even though severe at onset, is apparently 
good (1) Considerable anemia may have developed, and responds 
slowty to iron therapy 

The most severe comphcation which may go undiagnosed until 
late m the disease is leptospiral vegetative endocarditis (72) The 
number of proved cases is far too small to enable us to draw any helpful 
conclusions about its sjmiptomatology 

Sub-acute leukemia has been descnbed by Martin and Pettit 
(51) as a rare comphcation, but their evidence is not convincing 
Probably the picture was similar to the leukocytosis seen in our Case 
No 2 m the second week — the white blood count was at leukermc 
levels, 49,000, and the differential showed many young cells of the 
granulocyte senes, but this cannot be interpreted as leukemia 

Save for an occasional relapse of short duration, the convalescence 
in Weil’s Disease is smooth and uneventful, but frequently quite 
slow It IS a senous infection, which m severe cases should be followed 
bj’’ a long rest period 


DIAGNOSIS 

As in typhoid fever, the procedures necessary to estabhsh the diag- 
nosis of Wed’s Disease vary, depending upon the duration of 
sjTiiptoms 

A presumptive diagnosis can be readily made in a majonty of cases 
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As m the case of the blood, young gmnea pigs must be used 60 
to 80 cc of freshly voided, dean urine is centrifuged at 3,000 R P AI 
for 15 minutes and the sediment mixed with 5 to 10 cc of normal, 
phvsiological s alin e solution and mjected mto the pig mtrapientoneall}' 
Certain precautions are necessaiy* to assure good results 

1 The unne must have stood not more than an hour before the inocula- 
tion is made 

2 Strongly add or strongh* alkaline urme quickh’’ destroj's the L 
tcierohctrorrhagwe and the patient must be given some agent to make his 
urme approximately neutral when voided 

3 The gumea pig must be young (175 grams or less) 

This method is satisfactoiA’ if the above details are meticulouslt' 
earned out and prodded the pentoneal fluid is examined frequently 
after the anim al develops a fexnr as desenbed above Alost young 
animals wiU become ill jaundiced, and die, but this is not a necessaiy 
prerequisite as man}’ have predousl}* thought 
In the third and subsequent weeks of the disease the L ictcrohemor- 
rhagiac produces in the host veiy specific agglutimns and lysms which 
can be measured (17, 19) These are among the most specific anti- 
body reactions known In the average case, after three or four weeks 
the blood serum of the patient will agglutinate a ■nrulent culture of 
L jctcrolicmorrhagiuc m dilutions of 1 10 000 to 1 300,000 and will 
not agglutinate any other known strams m a titer above 1 250 The 
Iii-tic reaction occurs at even higher titers Most observers now agree 
that agglutmation m dilutions of 1 300 or above is diagnostic The 
titer 15 rarely so low probably never so low m patients who become 
seriously lU and are jaundiced This agglutmation reaction is useless 
before the 9th or 10th day of the disease, because no specific antibodies 
are found \Mien found m high titer after the 14th day, it is diag- 
nostic From the 10th to the 14th day, rapid!}’ increasmg titer may 
be used as an accurate diagnostic test 
The speafic antibodies remain in the blood for years, perhaps m- 
defimtely, with only moderate fall m titer and the method can be 
used to prove the pre-existence of the disease m patients with a sus- 
piaous past histoiy Students of the subject agree that strong 
false positixes are non-existent A negatl^e reaction after the 30th 
day of illness rules out ^ eil s Disease A ' ole Other strains of lepto- 
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rntrapentoneally into a 3’oung guinea pig (175 grams or less) After 
a period of from 10 to 14 days, the pig will become jaundiced and die 
The orgamsm can then be demonstrated m the hver, the lung, and the 
kidney of the ammal, either by section and stainmg with the Levaditi 
or Giemsa stains, or directly b}’^ dark field exammation of an emulsion 
of these organs Unfortunately, not all gmnea pigs will become lU 
and die The}’’ must be young A modification of the techmque 
described above is said to be more successful After inoculabonthe 
animal’s temperature is taken dail}’’ "WTien a defimte dad}’’ or sus- 
tamed temperature rise has taken place, one may aspirate a nunute 
amoimt of flmd from the peritoneal camty of the pig, usmg a glass 
capiUary pipette Dark field examination of this fluid will show a 
pure culture of the orgamsm and it is not necessary to wait for the 
onset of jaundice or the death of the animal to estabhsh the diagnosis 
Exact identification of the strain of spirochete must, of course, be 
done serologicall}' 

For therapeutic reasons, it is most desirable to demonstrate the 
orgamsm directly in the blood stream in the first week of the disease, 
because it is dunng this penod that specific therapy is most valuable 
The other methods should be used as corroborative evidence and as 
a check on the therapeutic efi&cacy of any specific agent 

In the second week of the disease, the spirochete disappears from 
the blood stream and begins to be excreted m the unne Also, at 
the same time, specific agglutinms and Ij’sins appear, but in too small 
a titer to be of diagnostic value at this stage Also, in the second 
week of the disease, the spirochete may occasionally be found on 
direct dark field exammation of the cerebro-spmal flmd (91) The 
orgamsm disappears from the blood stream a httle earher than it does 
from the spmal flmd, and the concentration of specific antibodies in 
the cerebro-spmal flmd never becomes as high as it does in the blood 

Because not infrequently there are spirochetes of man}’ varieties m 
normal unne, direct dark field exammation of urmeisnot satisfactory 
One must depend upon infecting a susceptible laborator}’ animal with 
the infected unne This method has proved unsatisfactory m many 
hands, and is probably one of the very important reasons for failure 
to estabhsh the diagnosis m this cmmtr}’ The difficult}’ hes m the 
fact that most physicians and laboratory aides are not cogmzant of 
the details which one must cany out to assure good results 
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(10 grams daily for tliree daA's) during the bacterermc first stage and 
it did not alter the number oi organisms in the blood stream, nor did 
it in any vra 3 ‘ influence the course ot the disease Prontosil has been 
used in the Xetherlands "without benefit (1) 

Soon after the cause of Weil’s Disease -was established a search for 
protecti'ce antibodies m convalescent pa'tients "was begun The 
Japanese (4) -were the first to demonstrate such antibodies and to 
use these agents in therapi* B\- 1916 both horse serum and goat 
serum contaimng antibodies against L -jclerohcniorrLagwe had been 
produced A little later a curative rabbit serum -was developed 
None oi these sera has been •well standardized to date The most 
"widelv used sera come from horses whose blood has been raised to an 
agglutinating titer of 1 100 000 or higher against L ^cieroLemorrLagJue 
and L car.icola (dog strain) The dose is apparentl 3 ' 60 cc. of such 
serum (36) Results in Holland (1) England (54) France (52), 
German!- (50) and particularl 3 - Japan (4) mdicate that this form 
of therap 3 - is efiective m lowering the mortahtv- rate, e5peciall3- if 
given m the first six da3-5 of the disease In Japan (4) for example, 
the mortaht 3 - rate m one group oi cases was lowered from 30 6 to 
IS 3 per cent I^Iuch lower figures have since been reported m cases 
treated earh- m the disease (1). Data from Amsterdam indicate 
that relapses are not pre!-ented (86), but that the course of the disease 
IS made much less severe b 3 - the use of either con\-alescent serum or 
immune horse serum 

Our Case No 4 was treated "with 500 cc, of whole blood from Case 
Xo 2 This blood was gi-ven on the mnth da 3 - of the disease, at which 
tune the patient had been completeh- anoric for a period of 30 hours 
IlTthm six hours after therap 3 - he began to void and improved steadil 3 - 
thereafter Xo antibodies were found m the patient’s serum before 
therap 3 - and the 3 - were abundant thereafter. .Vlso spirochetes were 
readfli- demonstrable m the blood before therap 3 - and were not found 
thereafter This is the first serum-treated case to be reported m this 
countr 3 - Games (101) gave a small amount (30 cc.) of convalescent 
blood intramuscularh* to one patient but complete identification of 
the infecting spirochete -was not made m the reapient. 

alch-Sorgdrager (1) has good evidence to show that while the 
severit 3 - oi s3-mptom5 and the mortaht 3 " iavorabb* afiected bv the 
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spira produce jaundice in man, and negative agglutinations against 
L tcterohemorrhagiae in suspicious cases should have agglutination 
reactions with other strains, particularly L camcola 

In any instance in which one has demonstrated a spirochete in the 
blood or urine in the first or second week of the disease, agglutination 
reactions should be used to establish the identity of the organism 
found, though, so far as is now known in this country, there is httle 
chance that it will be other than L tcterohemorrhagiae L canicola 
has been reported only once in a human in this country (17), and is 
uncommon in Europe where the disease has been vigorously pursued 
At least two strains of L tcterohemorrJiagtae exist in this locahty 
Complement fixation reactions have been descnbed but are less 
simple of interpretation, and we recommend the agglutination test 
as diagnostic Some experience m handhng the method is necessary 
before it can be done accurately 

TREATMENT 

Soon after the recogmtion of L tcterohemorrhagtae as the etiologic 
agent in Weil’s Disease, many attempts were made to kill the 
spirochete tn vivo with specific arsenicals such as salvarsan and neo- 
arsphenamine (16), but without success Furthermore, there is a 
real danger m adrmmstermg such toxic substances m the presence of 
much hver and kidney disease (32) 

Soluble bismuth preparations such as sodium bismuth tartrate 
given intravenously have been shown to be effective and non-toxic 
in gmnea pigs (33) A few human cases have been treated with soluble 
and colloidal bismuth compounds with reported success (34) Anti- 
mony compoimds have proved useless (34) 

There is still dispute as to whether the bismuth is bactericidal 
or bacteriostatic, or whether it merely stimulates the normal body 
defense mechamsm (34, 35) 

Because certain soaps and resins are known to dissolve the spirochete 
tn vitro, sodium ncmoleate has been used experimentally m animals 
with some beneficial results, but to our knowledge, no such agents 
have been used in man 

Our own experience has led us to beheve that sulfamlanude is 
useless Case No 1 was treated mth large doses of sulfanilamide 
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(10 grams daily for three daj*s) durmg the bacteremic first stage, and 
It did not alter the number of organisms m the blood stream, nor did 
it m an)- vrax influence the course of the disease Prontosil has been 
used m the Netherlands without benefit (1) 

Soon after the cause of Wed s Disease was estabhshed, a search for 
protective antibodies m convalescent patients was begun The 
Japanese (-1) were the first to demonstrate such antibodies and to 
use these agents in therap)- B)’ 1916, both horse serum and goat 
serum contaimng antibodies agamst L jctcrohcnwrrhagiae had been 
produced A little later, a curative rabbit serum was developed 
None of these sera has been weU standardized to date The most 
wide!)' used sera come from horses whose blood has been raised to an 
agglutmatmg titer of 1 100,000 or higher against L wterohemorrhagim 
and L cauicola (dog stram) The dose is apparently 60 cc of such 
serum (36) Results m Holland (1) England (54), France (52), 
Germany (50), and particularly Japan (4), mdicate that this form 
of therapy is effective m lowenng the mortaht)- rate, espeaall)- if 
given m the first six days of the disease In Japan (4), for example, 
the mortalit)' rate m one group of cases was lowered from 30 6 to 
18 3 per cent Z^Iuch lower figures have smce been reported m cases 
treated early m the disease (1) Data from Amsterdam mdicate 
that relapses are not prevented (86), but that the course of the disease 
IS made much less severe by the use of either convalescent serum or 
immune horse serum 

Our Case No 4 was treated with 500 cc of whole blood from Case 
No 2 This blood was given on the mnth day of the disease, at which 
time the patient had been completel)- anunc for a penod of 30 hours 
Illthm SIX hours after therapy he began to \ oid, and improved steadilv 
thereafter No antibodies were found m the patient s serum before 
therapy and they were abundant thereafter Also, spuochetes were 
readily demonstrable m the blood before therapy and were not found 
thereafter This is the first serum-treated case to be reported m this 
couutT)- Gaines (101) gave a small amount (30 cc ) of convalescent 
blood mtramuscularly to one patient but complete identification of 
the infectmg spuochete was not made m the reapient 

Walch-Sorgdrager (1) has good evidence to show that while the 
se\ ent)- of s%-mptoms and the mortaht)- are favorabh- affected by the 
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use of i m mune serum, the duration of the febrile period is not altered, 
and also, even when used earl}’-, it is not always effective (20) 
However, as regards this latter statement, we feel that ewdence has 
not yet been produced to mdicate that adequate dosage was used 
m these cases 

There is some eindence (1) to indicate that m serum-treated cases 
the antibody titer of the patient does not reach as high levels as in 
the untreated cases, but apparently in either circumstance adequate 
i mm umty lasts at least ten years (73), and probabl}’^ longer 

Serum prophylaxis has been effectively used in animals (36, 4), 
and has been tried m human beings (100) The known incidence of 
the disease in areas where it has been adequately studied indicates 
that mass prophylaxis is not necessar}’^ in man except in certain iso- 
lated occupations, especially fish cleaners and certain 13^)65 of sewer 
workers More careful and detailed study of the foci of infection 
wiU probably result in ehmination of these foci rather than mass 
immumzation for the population 

In a word, then, the treatment of choice is imm une serum As yet, 
the Amencan drug houses have done nothing about prepanng such 
sera, nor can they be expected to do so until City and State laboratories 
make a\ affable the necessar}’^ diagnostic procedures, and until the 
true incidence of the disease in the Umted States becomes known 

Careful supportive therapy, aimed at good nutntion, proper water 
and aad-base balance control, good circulation, and adequate isola- 
tion, are of course mdicated Until immune sera appear on the 
Amencan market, convalescent serum or whole blood transfusions 
should be used when possible 


PEOGNOSIS 

The prognosis is dependent upon the following factors 

1 Age of the patient 

2 The presence or absence of jaundice 

3 The degree of renal failure 

4 The function of the heart 

5 The extent of the hemorrhagic diathesis 

Weil’s Disease is practically unknown in infants, and is rare in 
children The mortality rate mcreases rapidly mth advancing age. 
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and IS most significant m patients over 60 j'ears of age The follovang 
table IS from Walch-Sorgdrager 



1 BED j 

TAIUXIT ■£AXE: 

Out of 11 persons aged 1 to 10 

! 

0 

ffT 

0 

Out of 210 persons aged 10 to 40 

15 ^ 

7 1 

Out of 49 persons aged 40 to 60 

12 

24 0 

Out of 15 persons aged 60 or o\ er 

9 

60 0 

Out of 85 persons of unknown age 

8 

9 4 

370 

44 

11 9 


This senes came from Holland Of the 370 cases, approximately 
50 per cent vere jaundiced The number of serum-treated cases is 
not stated 

There is an old axiom, now well known in Europe, which states 
that in Weil’s Disease where there is no jaundice, there is no mor- 
tahty (19) We have been able to find m the world hterature a 
report of onlj* one case in which death occurred without jaundice 
(1) The mtensity of the jaundice when present is probably not 
nearly so significant as the patient’s age, although ictenc indices of 
over 200 should always be looked upon gravel}’ 

The degree of renal failure as mdicated by the unne output, and 
the degree of urea retention, are important for prognosis Ohguna 
and a high blood urea are usually senous, and anuna is always a 
gra\e sign A high blood urea without ohguna is usually not a 
senous sign The amount of albumin and casts in the unne are of 
httle help in decidmg the outcome 

In most cases, the cardio-vascular system responds well to the 
disease, but occasionally a ver}’ rapid pulse, out of proportion to the 
temperature and assoaated with relatively low blood pressure, is 
encountered, and should warn the physician that his patient is in 
danger In older people, mild congesti\e failure will frequently 
respond to the usual therapy and is not important unless associated 
with persistently low blood pressure Pronounced and long-con- 
tinued brad} cardia is of senous significance 
TJsuall} the hemorrhagic diathesis is not of sigmficance, but rarely, 
in the \ er\- ill, older mdinduals, bleeding from the respirator}', gastro- 
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use of immune serum, the duration of the febrile penod is not altered, 
and also, even when used earl}', it is not alwa 3 's effectne (20) 
However, as regards this latter statement, we feel that ewdence has 
not yet been produced to indicate that adequate dosage was used 
m these cases 

There is some e'vidence (1) to mdicate that in serum-treated cases 
the antibody titer ot the patient does not reach as high levels as in 
the untreated cases, but apparentl}'^ m either circumstance adequate 
immumty lasts at least ten years (73), and probabl}" longer 

Serum prophylaxis has been effectively used m animals (36, 4), 
and has been tned m human beings (100) The known inadence of 
the disease in areas where it has been adequately studied indicates 
that mass proph 3 daxis is not necessar}* in man except in certain iso- 
lated occupations, especiall}' fish cleaners and certain t 3 -pes of sewer 
workers fMore careful and detailed stud}- of the foci of infection 
will probabl}' result m elimination of these foci rather than mass 
immumaation for the population 

In a word, then, the treatment of choice is immune serum As }'et, 
the American drug houses have done nothing about preparing such 
sera, nor can the}’- be expected to do so until City and State laboratories 
make av'ailable the necessar}' diagnostic procedures, and until the 
true incidence of the disease in the Umted States becomes known 

Careful supportiv^e therapy, aimed at good nutnPon, proper water 
and aad-base balance control, good circulaPon, and adequate isola- 
tion, are of course indicated Until immune sera appear on the 
Amencan market, convalescent serum or whole blood transfusions 
should be used when possible 


PROGNOSIS 

The prognosis is dependent upon the foUo-wmg factors 

1 Age of the patient 

2 The presence or absence of jaundice 

3 The degree of renal failure 

4 The function of the heart 

5 The extent of the hemorrhagic diathesis 

Weil’s Disease is practically unknown in infants, and is rare in 
children The mortahty rate mcreases rapidly with advanang age, 
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onset of the jaundice — ^three to nine da\-5 after the beginning of severe 
simptoms — should lead one to search for the etiologic spirochete 
In the most severe cases m some parts of the ivorld the chief diner- 
ential diagnostic problem is presented b 3 ' j'elloir ie\'er- In this coun- 
tri- the problem should rarel\- arise The characteristic intense facial 
hush and ver>- red lips of i-eUow fever are not present in Weil s 
Disease Yellow fever is usuaUi- preceded b\- a shaking chiU followed 
bi' a rise in temperature At this time the pulse is fast and the face 
markedli- flushed The face shows aimen- instead of lethargi.-. 

If i-eUow fei*er is not fatal within 4S hours the temperature char- 
acteristicaU}- falls on the third da\- to rise agam in a dai' or two 
In Weil 5 Disease if there is much fever it usually- remains weU up 
until after the laimdice begins In the Jaundiced period relative 
bradycardia is the rule m yellow fever and tacht’cardia the rule m 
Weil s Disease In t-eUow fever the absence of leukoci'tosis and a 
high hemoglobin content are considered pathognomomc signs Quite 
the re\-erse is true in Wed s Disease 
A careful stud}' of the patient s blood in the first ten dzys of the 
disease will make the diagnosis of Wed's Disease apparent when all 
other signs are confusing • 

T}'phoid fever and malaria haA'e been reported as existing coinci- 
dentally with Wed s Disease (S2) The former is the more likely 
smce the two causative organisms have a simdar habitat (i e , dirt}* 
■water) Smce the incubation period for tx'phoid fe^-er is considerably 
longer than for Wed s Disease tx'phoid wdl make its appearance when 
Y ed 5 Disease is at its peak The development of a sustained un- 
esplamed high fever at this stage should demand repeated blood 
cultures in a search for B i\ pJ osjs 

THE ISECE-Viassi OF JAEXDICE 

In a recent re\-iew of the hterature on the hver and bihai}- tract, 
Greene and FarreU (5S) concluded that the pathogenesis of the icterus 
m Y ed s Disease is as yet obscure 

Chnical obser\atioiis show that it is not due solely to large bdiar}- 
tract obstruction as severe jaundice maj occur without achohc 
stools In fact ex'en with the most mtense jaundice (icteric mdices 
o\er 5001 achohc stools are rare 
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intestinal, and urinary tracts may become so serious as to become a 
defimte hazard to hfe 

A sustained high or nsmg temperature, persisting after the second 
stage has been well estabhshed, is always senous A low or even 
normal temperature is of no prognostic significance 

In Japan, it has been definitely shown that early diagnosis and 
therapy can materially lower the mortahty rate in all age groups 

DIFEERElVTIAL DIAGNOSIS 

Early m the disease, before the onset of jaundice, the chmcal picture 
of Weil’s Disease suggests almost any severe infection assoaated with 
bacteremia Tj'phoid fever is commonly diagnosed because in Wed s 
cases the pulse may be relatively slow for the fever The absence of 
rose spots, the negative blood culture, the marked calf tenderness, if 
present, and cells m the spinal flmd, wiU usually rule out typhoid 
The incubation period of typhoid is usually about two weeks, andfor 
Weil’s Disease it is mne days 

In mild cases in which no jaundice develops, many cases have gone, 
and wiU go, undiagnosed as anything but “la Gnppe ’’ The chief aid 
seems to us to be that in mfluenza-hke states the patient promptly 
feels better when the temperature drops, in Weil’s Disease the patient 
frequently feels qmte badly for several days after the temperature 
becomes normal Vomiting is much worse and much more frequent 
than in “influenza,” and a careful study of the unne and blood may 
show rmmmal evidence of renal and hepatic disease w'hich would 
otherwise be overlooked 

Vflien jaundice is present in mild cases, the most important diag 
nostic problem is to differentiate Weil’s Disease from acute catarrha 
jaundice This differentiation should not be difi&cult because in the 
latter the white blood count is relativelj’’ low and lymphadenopathy 
and a palpable spleen are the rule The reverse is true wuth We s 
Disease E^^dence of renal disease, memngeal involvement, an a 
hemorrhagic tendency are absent in catarrhal jaundice The d , 
heavy feehng in the region of the duodenum, which may result m 
vomitmg when pressure is applied to the epigastrium in catarr a 
laundice, is not common in Weil’s Disease In the latter, if t ere e 
abdominal disorder, it is real pain In Weil’s Disease, the time o 
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hemorrhagic tendenc}- is severe, the jaundice maj* be too massive 
to be explained on this basis and frequently gives Van den Bergh 
reactions indicating its hepatogenous origin 

From the available matenal we are forced to conclude that the 
mechanism of icterus m Weil’s Disease is not entirely estabhshed It 
IS probably due in large part to true hepatitis but it may also be 
contnbuted to b}’ hemoh'sis and by intrahepatic bihari' tract ob- 
struction Our own autopsied cases indicate severe degeneratl^e 
and inflammatory* change throughout the hver parenchyma as the 
most sigmficant lesion 

THE X-VTURE OF SEXAL FA1LU5E 

EAudence of renal disorder is one of the outstanding features of the 
disease The unne early shows albumm and in more severe cases 
frequently shows red cells casts, and white cells Ohguna is a com- 
mon phenomenon and anuna is not infrequently a cause of death 
Urea retention begins early in the disease, and may be severe, the 
blood urea mtrogen reaching levels of 150 mgm % or higher When 
severe it is frequently assoaated with aadosis, again of renal ongm 

The kidneys at autopsy are always firm and swollen (60) Sub- 
capsular and interstitial hemorrhages may be found (60) There is 
necrosis of the tubular epithehum espeaally of the convoluted tubules 
(60) Frank hemorrhagic nephritis with much hemorrhage into 
Bowman s capsule has been descnbed (60) This nephritis is usually 
very acute but may also show a good deal of early interstitial fibrosis 
Interstitial cellular infiltration with large numbers of lymphocytes 
and some polymorphonuclear leukocytes is commonly descnbed 
(66) Jeghers (5) feels that the tubular damage is usually much more 
apparent than is the glomerular damage and concludes that the 
extent of the renal damage is often better mdicated by the rlimral 
and laboratory findings than by the histologic structure of the kidneys 
It is generally conceded that the renal damage, chiefly tubular, 
is toxic in ongm and due to the spirochete rather than to bile This 
piomt however is by no means prOA ed In our own cases the extent 
and nature of the tubular damage appeared to be of itself suffiaent 
to account for the renal failure The mechamsm would not be dis- 
sirmlar to that seen in mercunc poisomng 
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The morbid anatom}’^ shows considerable hepatic cell degeneration, 
granulation of the hver cells with vacuolation, pycnosis, and karyol}"- 
sis have been demonstrated (59, 60), and cells with two nuclei and 
mitotic figures have been descnbed by IMcNee (60) One of our own 
cases showed considerable central hepatic necrosis It is apparent 
that the mechamsm of the jaundice may in part be due to hepatitis 
itself 

Stokes, Ryle, and Tytler (61) demonstrated marked inflammation 
of the smallest bihary ducts and concluded that the jaundice was 
due to obstruction in these passages Dawson and Hume (62) showed 
that m some instances there was no pathological e\ndence of bihai}' 
tract obstruction Kaneko (63) concluded that it was due to intra- 
acinous bihary obstruction without actual blockage of the bile chan- 
nels, but subsequently changed his mmd as other work showed 
e\ndence of dilatation and rupture of bile capfllanes with escape of 
bile mto the general circulation (64) Busch (65), studying the hver 
physiology' m infected gmnea pigs, beheved that the jaundice was 
due to extensive blood destruction with retention of brlrrubm resulting 
from fimctional impairment of the hver, the latter due to edema of 
that organ This work was based m part on the indirect Van den 
Bergh reaction, but Oka (64) has shown the reaction to be direct 
m human beings Collected European cases show that any’’ of the 
known Van den Bergh reactions may'^ take place (1), and that they are 
not predictable from a climcal study of any given case 

The duodemtis theory with partial obstruction at the ampuUa of 
Vater (62) is no longer held by even the ongmal authors 

Many authors have felt that the icterus was due to mcreased 
hemotysis, and pomt to the cAudence of increased blood destruction 
m the spleen as well as to the chmcal eiudence of anemia This 
theory is not tenable m the vast majonty of severe cases because the 
jaundice is out of aU proportion to the demonstrable blood destruction 
Our own tests have shown an actual decrease in red cell fragihty, 
and Case No 2, with an ictenc mdex of 300, showed no appreciable 
fall in red count Bone marrow studies showed no evidence of hy- 
pertrophy and hyperplasia m the erythropoietic system 

The jaimdice cannot be explained as a direct result of hemorrhage 
into the tissues with subsequent bihrubm formation Even when the 
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in the calves has in Weil’s Disease a pathological basis which is one 
of the primary distinguishing features of the disease According 
to Jeghers (5), the lesion is most frequently found in the calf Most 
other muscles are sirmlarl)*, but less extensively, affected The gross 
appearance is usually normal (68) or may show minute hemor- 
rhages or bile-stained foci of degeneration as large as 5 mm in di- 
ameter (5) 

Microscopically, the process charactenstically selects isolated fibers 
and only part of a fiber “There is vacuolation, sweUing, loss of 
stnation, hyahmzation, infiltration with histiocytes, plasma cells, 
and poljTUOrphonudear leukocj^es, breaking up of the fibers into 
large, round lumps of hyahn material, resorption and prohferation of 
the nuclei of the sarcolemma Hemorrhage into the empty sheath 
has been described” [Jeghers (5)] The picture differs considerably 
from the Zenker’s degeneration seen in typhoid fever, both in distribu- 
tion and appearance 


MORBID ANATOMY 

At autopsy, most cases of Weil’s Disease reveal generahzed jaun- 
dice and lesions involving the following structures 

1 Kidnej^ 

2 Liver 

3 Capdlanes 

4 Skeletal muscles 

1 The kidnej's, unless pre\-iously damaged, are usually enlarged 
They usuallj’^ show 

(a) The greemsh-brown stam of jaundice, 

(b) Sw elhng and more or less marked necrosis of the epithehum of the 

convoluted tubules, and 

(c) Interstitial infiltration of lymphocytes, and, to a lesser degree, 

poljTnorphonuclear leukoc 3 - tes and eosmophiles (66) 

Small hemorrhages may be seen under the capsule, into the in- 
terstitial tissue, or into the tubules (60) Granular, bile-stained 
casts in the lumen of the tubules along with inflammatorv cells and 
cellular debns are common (5) The glomeruh are usuall}’’ undam- 
aged, but changes m Bowman’s capsule and the glomerular tuft 
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In Weil’s Disease we are confronted with an hepatorenal syndrome 
In some instances the renal damage appears far more prominent than 
the hepatic, and in others the reverse appears to be true Mild urea 
retention and shght ohguna vath severe jaundice is fairlj^ common — 
Case No 3 Severe urea retention and anuria with only shght jaun- 
dice has been described (1) We feel that the evidence warrants the 
working hypothesis that both renal and hepatic disease, though one 
may markedly influence the other, are probably both due in some way 
to the infectmg spirochete The exact pathogenesis of the renal and 
hepatic disorders is as yet unknown 

THE HESIORKEAGIC TENDENCY 

The hemorrhagic tendency is qmte variable In the early Japanese 
writings it was so pronounced as to provoke the term tcteroliemor- 
rhagica In many cases in Europe, even with icterus, evidence of 
hemorrhage has been absent (1) Review of the hterature shows that 
early in the disease nasal hemorrhage is most common Later, 
cutaneous and mucous membrane hemorrhages occur They have 
been descnbed in the conjunctivae Occult blood may appear in the 
stool, and variable amounts of blood have been described in the unne 
Herpes, when present, is usually hemorrhagic Lung hemorrhage 
with a hemorrhagic pneumoma was seen m two of our cases 

Pathologically, the hemorrhagic diathesis appears to be due to 
primary capillary damage (5, 60, 1), and not to any disorder of the 
blood and its clottmg mechamsm We have demonstrated decreased 
red cell fragdity and normal bleeding and clotting times, as well as 
normal platelet counts and prothrombin time Small hemorrhages 
have been described m nearly every organ in the body, but are most 
commonly found in the stnated muscle, kidnej", adrenal, hver, 
stomach, spleen, and lung They are rare in the brain but may in- 
volve its substance (67) or only its covenngs (61) Jeghers (5) de- 
scnbes them m pancreas, pleura, pentoneum, pencardium, endo- 
cardium, and bladder, as well as the usual sites Very rarely, death 
may result from massive gastro-intestinal hemorrhage (68) 

MUSCULAR ACHING AND TENDERNESS 

Unlike most acute infectious processes, the severe muscular aching 
associated with tenderness of the muscles especially over the back and 
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in the cal\ es has in Weil s Disease a pathological basis ivhich is one 
of the pnman* distmgmshing features of the disease According 
to Jeghers (5), the lesion is most frequentl 3 * found in the calf ilost 
other muscles are sumlarh*, but less extensivelj* affected The gross 
appearance is usuaUj' normal (68) or ma}' show minute hemor- 
rhages or bile-stamed foa of degeneration as large as 5 mm in di- 
ameter (5) 

^IicroscopicaU}' the process charactensticaU}’ selects isolated fibers 
and onl\* part of a fiber “There is vacuolation, sweUmg, loss of 
stnation, h\'alinization, infiltration with histioc}*tes, plasma cells, 
and pol\-morphonuclear leukocj'tes, breakmg up of the fibers mto 
large round lumps of hj-ahn matenal resorption and proliferation of 
the nuclei of the sarcolemma Hemorrhage into the emptj* sheath 
has been descnbed’' [Jeghers (5)] The picture differs considerabl\' 
from the Zenker s degeneration seen in DT^^oid fever, both in distribu- 
tion and appearance 


ilORBID AXATOiTi 

At autops}', most cases of Weil’s Disease reveal generalized jaun- 
dice and lesions invohnng the foUowmg structures 

1 Kidne3-s 

2 Liver 

3 CapDlanes 

4: Skeletal muscles 

1 The kidne 3 a, unless preAnoush- damaged are usuall 3 ’ enlarged 
The 3 ’ usuall 3 ' show 

(a) The greenish-brown stain of jaundice, 

(b) Swelhng and more or le^ marked necrosis of the epithehum of the 

convoluted tubules, and 

(c) Interstitial infiltration of l 3 'mphoc 3 -tes, and, to a lesser degree, 

f>ol 3 -morphonuclear leukoc 3 -tes and eosmophiles (66) 

Small hemorrhages ma 3 ' be seen under the capsule mto the in- 
terstitial tissue, or into the tubules (60) Granular, bile-stained 
casts in the lumen of the tubules along with inflamm atory- cells and 
cellular debns are common (5) The glomemh are usual!}- undam- 
aged, but changes m Bowmans capsule and the glomerular tuft 
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be impossible to differentiate from those of acute glomerulo- 
nephritis (81) Interstitial infiltration with polymorphonuclear 
leukocytes almost to the extent of abscess formation has been de- 
scnbed (68) 

The renal damage is predo min antly tubular All of the stages 
of degeneration, from cloud}’^ swelhng to actual necrosis, may be 
found Certainly the profound swelhng of the tubular epithehum 
and the collections of cellular debris wi thin the lumma must play 
an important role m the impairment of renal function The picture 
m the Mdney is analogous m some respects to that found in bichlonde 
of mercury poisomng Pick (68) beheves this damage to be toxic m 
ongm, due to the spuochete and not to the bile Proof of this pomt 
IS lackmg Withm the interstitial tissues, and more particularly 
in the lumen of the tubules (espeaally the proximal, convoluted 
loops), the spuochetes are readily found In our hands the Levaditi 
silver impregnation techmque has been most satisfactory’’ m demon- 
stratmg them The staining process shortens and thickens the or- 
ganism, but its morphology is otherwise imaltered and appears as a 
black coil m either the “S” or the “C” form Careful study’^ makes 
them easily' differentiable from artifacts 

2 The hver may appear normal m the gross, but it is usually’ 
shghtly’ enlarged and bile-stained It is never shrunken as in acute 
yellow atrophy (5) Extra hepatic bde duct obstruction is absent 
There has been much dispute concermng mtra-hepatic bihaiy’ ob- 
struction Certainly’ there is no ex’idence of obstruction in any’ of 
the medium and large ducts, and m most cases e^^dence of obstruc- 
tion even in the bde capdlanes is absent Stokes (61) has descnbed 
inflammation and obstruction of the smallest of the bdiary ducts 
Dawson and Hume (62) were imable to corroborate this findmg 
Kaneko (63) could find no actual blockage of even the smallest bde 
ducts, but thought that he could demonstrate mtra-aanous bdiary 
obstruction Oka (64) descnbes ddatation and rupture of some of 
the smallest bde capdlanes -with spiffing of bde directly mto the 
blood stream One report (S3) descnbes mucus plugs in the common 
duct, but this must be exceedmgly rare 

jMicroscopicaffy, three lesions are commonly reported (a) There 
IS a proliferation of hepatic cells Much of the hepatic cell dii’ision 
may be anutotic (84), but rmtotic figures and cells -with two nuclei 
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are not imcommonl}' seen (60) We -were impressed b}’ the absence 
of an}- mdication of such reparative acti\-it}' The regenerative abd- 
itv of the hver is well known and it is not imusual to find bi-nudeated 
hver cells and even mitotic figures m cases of hepatic injur}- and occa- 
sionally m relatively normal hvers, so that we do not feel that pro- 
liferation of the hver cells is a particularly distinctive feature of 
Weil’s Disease patholog}- (b) E-^adence of degeneration and in- 
flammation are seen Some of the hver cells show swollen nudei and 
doudy swelhng Yacuolation of the cell ■with pycnosis and kar}-ol}-5is 
of the nudei have been descnbed (59) Loosemng or dissoaation of 
the cells as though pushed out of their normal position by -widemng 
of the pensmusoidal l}-mph spaces perhaps by edema is described by 
Yalassopoulo (14) Fatt}- infiltration is absent or slight (5) Yar}-- 
mg degrees of necrosis usually shght and focal are seen and this 
may occasionally be so extensive as to simulate yellow atrophy (the 
hver however is not diminished in size) In our cases No 5 and 
No 6 central zone necrosis ivith rarefaction and dissodation of the 
cells -was the predommant picture (c) EA-idence of bihar}* stasis 
m the central part of the lobule is commonly found (5) It may 
appear as small droplets or granules in the central bile capillaries or 
in the c}-toplasm of swollen cells There is none in the penpher}- of 
the lobule (5) 

Other changes occasionally seen are depKisition of fat in small drop- 
lets in the Eupffer cells and infiltration of the piortal spaces by l}-m- 
phoc}-tes and a few pol}-morphonudear leukoc}-tes and eosmophiles 
^Imute hemorrhages m the piortal spaces and beneath the capsule 
are occasionally seen Rarely, scattered hemorrhages throughout the 
hver may be quite promment 

Spirochetes may be foimd m the h^-er usually in the jiensinusoidal 
l}-mph spaces but they are more difficult to demonstrate than m the 
kidne}-5 We were able to demonstrate a rare orgamsm m the hver 
of case No 5 

Jeghers (5) beheves the changes are simply the result of an im- 
usuaUy severe infection In our experience the h^-er lesions differ 
from the usual toxic hepatosis considerably but thig may not be true 
m a larger group of material The lesion certainly is not as char- 
acteristic as that found m yellow fever 

3 The damage to capfilanes is mamfested by minute hemorrhages 
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generally distnbuted throughout the body, which may be so shght 
as to go unnoticed without careful search, or which may be profound 
They are most common under the peritoneum and pleura and in the 
gastro-entenc tract, kidneys, nasal mucosa, adrenals, and skm (5) 
They have been descnbed beneath the endocardium and pencardium, 
imder the capsule of the hver and in its portal spaces, m the mesen- 
tery, spleen, pancreas, and bladder 
Hemorrhage in the trachea, bronchi, and lungs, may be minute 
and widely scattered, or may be larger and confluent with other 
cellular infiltration produang the picture of hemorrhagic pneumoma 
Hemorrhages m the brain and memnges were descnbed by Miller 
(67), who also found minute hemorrhages in the tibial nerve Other 
penpheral nerves have been found to be involved (1) 

In the severer cases the hemorrhage takes a prominent place and is 
responsible for the epistaxis, hemoptysis, hematemesis, hematuna, 
and melena occasionally seen One case is said to have died of 
gastro-intestinal hemorrhage (68) 

The skin lesion may be only scattered petechial hemorrhage, or 
may be extensive purpura and ecchymosis Detailed studies of the 
pathology of the skin lesions are too few to permit a detailed descnp- 
tion of the exact source of the bleedmg 
Hemorrhages into the adrenals are common and may be massive 
and very destructive (87), but we are unable to find a clrmcal descnp- 
tion suggestive of an adrenal death The pitmtary, thyroid, para- 
th}noids, and gonads, have not been extensively studied, but do not 
appear to be senously damaged Mmute hemorrhages in these 
glands are not unusual 

4 The skeletal muscles show a charactenstic lesion most readily 
demonstrable in the calf Other muscles, such as the pectorals, 
deltoids, and the muscles of the back, are affected similarly but less 
extensively The gross appearance may be normal (68), or there 
may be punctate hemorrhages or bile-stamed foci of degeneration 
measuring several millimeters m diameter (5) 

“jMicroscopicall)'^ the process charactensticaUy selects isolated 
fibers and only part of the fiber There is vacuolization, sweUing, 
loss of cross-stnation, hyahmzation, infiltration with histiocytes, 
poljmiorphonuclear leukoc 3 'tes and plasma cells, breaking up of the 
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substance of tbe nbers into larger round lumps of b^-alin material, 
and reabsorotion and proliferatioa of tbe nudei of the sarcolemma 
Hemorrhage into the emptA- sheath has been obserred [Jeghers 
(5)] We have not had the opportumtt.* to observe this lesion Ac- 
cording to Jeghers it diners markedi}- from Zenker s degeneration 
seen in t\-phoid fever These authors belieA-e the lesion is one of the 
most characteristic lesions of the disease. Spirochetes are rarely 
found in this lesion 

Other pathological changes are occasional!}' seen but are by no 
means as constant as the four prominent findings descnbed above 
The lunp may be normal or may show hemorrhagic pneumonia 
The pleura may be dotted vrith hemorrhages (681 Confluent limg 
hemorrhages resembhng infarctions are descnbed by Hart (SB) 

The heart may be normal but ma}* show some damage CeUular 
mhltration around the vessels and in the myocardium is seen (661 
ilyocardial degeneration similar to that m skeletal muscle has been 
descnbed (89) Inflammation of the endocardiom and pericardimn 
(67) sometimes occurs and Dragert (72) has descnbed two cases of 
vegetative endocarditis m which he was able to demonstrate the 
spirochetes m the vegetation In one of our cases we suspected such 
a lesion but were imable to demonstrate the organism 
The spleen is usually not enlarged (5 11 and is Arm Hemorrhages 
and deposits of hemoSiderm are occasionally seen 

The gastric mucosa is commonly studded with petechial hemor- 
rhages Catarrhal inSammatioa of the duodenum and terminal 
ileum may be present (871 Dragert (72) descnbed one case showing 
colitis with hemorrhage and necrosis in the large bowel Whether 
these lesions are due to prunarv- capfllar}' damage due to the or- 
ganism or are the result of icterus or uremia is not known 
The pancreas is not remarkable except tor occasional gmall hemor- 
rhages tS71 

The l\-mph nodes are usually not enlarged In cases in which the 
infection took place through the abraded skm the local nodes may 
show acute inflammation (901 

Spirochetes are dismbuted in evert.- part of the body (11 they are 
most readily demonstrable in the kidney's and liver Jeghers (51 
gives the following in the order of the frequenc}- with which they are 



176 W F ASHE, H R PRATT-THOMAS AND C W KDMPE 

generally distributed throughout the body, which may be so sLght 
as to go unnoticed without careful search, or which may be profound 
They are most common under the peritoneum and pleura and in the 
gastro-entenc tract, kidneys, nasal mucosa, adrenals, and skm (5) 
They have been described beneath the endocardium and pericardium, 
under the capsule of the liver and in its portal spaces, in the mesen- 
tery, spleen, pancreas, and bladder 
Hemorrhage in the trachea, bronchi, and lungs, may be minute 
and widely scattered, or may be larger and confluent ■mth other 
cellular infiltration producing the picture of hemorrhagic pneumoma 
Hemorrhages in the brain and memnges were described by hliUer 
(67), who also found minute hemorrhages in the tibial nerve Other 
peripheral nerves have been found to be involved (1) 

In the severer cases the hemorrhage takes a prominent place and is 
responsible for the epistaxis, hemoptysis, hematemesis, hematuna, 
and melena occasionally seen One case is said to have died of 
gastro-intestmal hemorrhage (68) 

The skin lesion may be only scattered petechial hemorrhage, or 
may be extensive purpura and ecchymosis Detailed studies of the 
pathology of the skin lesions are too few to permit a detailed descrip- 
tion of the exact source of the bleeding 
Hemorrhages into the adrenals are common and may be massive 
and very destructive (87), but we are unable to find a chmcal descrip- 
tion suggestive of an adrenal death The pitmtary, thyroid, para- 
thyroids, and gonads, have not been extensively studied, but do not 
appear to be senously damaged Minute hemorrhages in these 
glands are not imusual 

4 The skeletal muscles show a charactenstic lesion most readily 
demonstrable in the calf Other muscles, such as the pectorals, 
deltoids, and the muscles of the back, are affected similarly but less 
extensively The gross appearance may be normal (68), or there 
may be punctate hemorrhages or bile-stained foci of degeneration 
measuring several millimeters m diameter (5) 

“MicroscopicaU}'^ the process characteristically selects isolated 
fibers and only part of the fiber There is vacuolization, swelling, 
loss of cross-stnation, hyalimzation, infiltration with histiocytes, 
polymorphonuclear leukocytes and plasma cells, breaking up of the 
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the spinal fluid (1) The agglunmn-h-sis test rarely gives a positive 
result in dilutions of over 1 . 100 vrhich is not diagnostic but the blood 
of such patients has a diagnostic agglutination titer after the third 
week of the disease 

Xo cases of pure spirochetal meningitis ha^'e been reported in this 
countn,- From a perusal of the hterature it seems to us hkely that a 
careful study of the renal and hepatic functions of such patients wiU 
probably lower the inadence of pure menmgitis veri* considerabh' 

OTHER ACUTE SPIROCHEXAL EvFECXIOXS 

The Dutch at Amsterdam under Professor Schuffner have studied 
pathogemc spirochetes the world over and ha\ e identified at least a 
dozen serologically distinct strains any one of which may produce 
disease in man Most of these come from the tropics and from 
relatively poorly mnhzed parts of the world To date the only one 
of sigmncance to us in the Umted States other than Lcpiospira 
■:dcro}cn.orr] a£:cc, is Lcpiospsra cat tccJa which produces a Weils- 
hke disease in dogs {Note dogs are susceptible to true Weil's 
Disease) 

This disease is transmissible to man One such case has been 
repotted in this countri* (17) In the Netherlands searching for it 
carefully the Institute of Tropical Hygiene was able to find onli* 
12 human cases in a senes of more than three hundred and fifty Weil s 
Disease cases Most of their cases were not senously lU and were 
not jaundiced Mei er s case (55) in this countn.* had jaundice 
Apparently large epidemics may occur in dogs without any appre- 
aable number of transmissions to man The diagnostic methods for 
both dog and man are identical with those of Weil s Disease 
The usual terminology,* given for this disorder in both dog and man, 
IS Canicola Fever - 

Too few cases ha\*e been carefully studied to draw any conclusions 
as to mortahty or therapy 

G\SE REPORTS 

The following is a report of seven cases of Weil s Disease seen at 
this hospital within the past y ear Of the seven all were jaundiced 
Five recoiered and two died The autopsy* findings of the two 

- Mot m Anencan Medical Dictionanes 
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found Ejdne}', liver, adrenals, myocardium, intestmal Tvall, appen- 
dix pancreas, prostate, limg, spleen, Ivunph nodes, skeletal muscle, 
and the Tvall of the bladder [some of the data derived from Kaneko 
(63)] We Tvere unable to demonstrate them in an}' organs saT e m 
the kidney and hver It must be extremely difficult to demonstrate 
them m the bram 

We have made no effort to cover aU of the very rare isolated patho- 
logical findmgs, because they can be only corroborative cTndence, 
and proof that they are due to the spirochete of Wed’s Disease is 
frequently lacking 


lEEXrXGmS LEPTOSPIEOSA. (1) 


The merungitis usually assoaated Tvith W'eil’s Disease is indd and 
insignificant, except as it aids m differentiating the disease from some 
of the other causes of jaimdice 

The mcidence of merungitis m W'ed’s Disease is unknown because 
lumbar puncture has not been done in most mstances unless 
patient had rlimcal evudence of memngeal mvolvement W'e feel 
that routme punctures are mdicated and will show a high inadence 
of mdd memngeal mvolvement 

The French have been able to demonstrate what they call Spiro- 
chetose !Meiimgee pure” (91-94), merungitis due to the Lepiospira 
iclerohemorrliagiae, without any of the other clmical evidence of W ed s 
Disease Their work has been adequately confirmed m the Nether 
lands (1) Leptospira cantcola also produces pure spirochetal menm 


gitis occasionally (1) 

The symptoms and signs vary widely m seventy, but differ not a 
all from those of other mdd and severe meningitides The spin 
flmd IS usually imder mcreased pressure and the Pandy reaction is 
weakly positive It may be negative (our case No 4) The ce 
count may be anythmg from 10 to 3,000, but usually does not o® 
above 200 or 300 The cytology may show from 30 to 90 per cen 
pohmorphonudear leukoc 3 t;es, the remamder are l}'mphoc}’tes, u 
usually shows about 50 per cent of each It reaches its peak a ou 
the 15th day of the disease, and subsides thereafter The sugar an 
chlondes are usually normal and the W'asseimann reaction negatiTe 
The void-sol curve has not been extensively studied 

Early m the disease the organisms are said to be demonstra e 
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fatal cases, No 5 and No 6, are discussed together, after the clin- 
ical reports In the non-fatal cases, the diagnosis was proved bi 
specific agglutinations, and in the fatal cases b}’’ demonstrating the 
orgamsm in the tissues 

CaselS'o 1 A F ( 122625), a white male, aged 26, unemploj^ed, was 
adimtted to the Contagious Dmsion of the Cmcmnati General Hospital 
on June 11, 1939, complaimng of severe sore throat of four daj's’ duration 
Five da 3 's before adrmssion to this hospital, the patient was s wimm i n g in 
the Ohio Ri\er He had done thn; several times m the prenous weeL 
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DAY OF ILLNESS 

Case 1 

Four days before admission, he verj’- abruptl}' dei eloped a sei ere frontal 
headache assoaated irith some fever and marked malaise, but no dull 
In the afternoon of the same daj^ he developed a severe sore throat and 
evpenenced considerable difficulty m swallowmg He became vety lethar- 
gic, had profound anorexia and marked prostration 

On ph 3 'sical exanunation, the Autal signs were as follows Temperature, 
100°F , Pulse, 102, Respiration, 25, B P , 130/70 

This well-de\ eloped and well-nounshed Italian male was first admitted 
to the Contagious Dmsion of the Cmcmnati General Hospital on June 11, 
1939, at which tune he was acuteh' and senoush’^ dl, semi-stuporous, an 
hiccoughmg frequenth' His sdeiae are described as “mudd 3 %” his teeth 
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were dirty, the tongue heavily coated, and the throat quite red The 
pillars of the throat and the posterior pharyngeal wall were covered with 
a yellowish-grey exudate which could be scraped off easily without pro- 
ducing bleeding The remainder of the physical exammation was at that 
time negative 

A dmi ssion laboratory work at that time revealed RBC, 5 06 M , Hgb, 
14 5 gn)s , WrBC, 18,900 (92 per cent polymorphonudears, many young 
forms) 

The urme was normal except for a large amount of albumin There 
were no cells or casts Blood Wassennann, negative An X-ray of the 
chest showed evidence of earl}’' infil tration in the left lower lobe Bacterio- 
logical study of the throat exudate showed no hemolytic streptococci and 
no virulent diphtheria orgamsms 

On the second hospital day, the patient’s temperature dropped to normal 
and he became defimtely icteric The leukoc}’tes rose to 20,000, 96 per 
cent polymorphonudears On the third day he was stuporous, had an 
icteric mdes of 120, and his blood gave a positive direct Van den Bergh 
reaction The temperature slowly rose to 102° on the fifth hospital day, 
the jaundice mcreased (icteric mdes. 240), blood urea mtrogen rose to 81 
mgm per cent, the urme remamed unchanged except for the presence of 
large amounts of bile, and the stools showed evidence of complete bdiary 
obstruction At this tune he was seen by a medical consultant and trans- 
ferred to the Medical Service for further study 

Physical exammation at the tune of admission to the Medical Service 
revealed Temperature, 102°F , Pulse, 110, Respiration, 60, B P , 120/70 
The patient was very seriously ill, disoriented, and had Cheyne-Stokes 
respiration The skin was deeply stamed with a greenish-yellow jaundice 
The throat showed marked erythema and there a ere stiU a few patches of 
exudate present The neck was not stiff, and no lymphadenopathy -was 
apparent The heart and limgs were normal The abdomen w as markedly 
distended, the stomach dilated, and the hver appeared to be enlarged to 
percussion but no edge could be felt There was tenderness of the I’^lf 
muscles, and aU deep tendon reflexes were dmumshed 

The laboratory findmgs at that tune showed a leukocytosis of 22,000, 
80 per cent polymorphonudears, 20 per cent l}’mphoc}’tes, and many young 
forms m the granuloc}’te senes The urme showed a -{— {- albumm, a few 
red cells and white cells, and much bile The stools were completely day 
colored, and gave no positive test for bile The icteric mdex was 240 and 
the blood urea mtrogen was 85 mgm per cent The blood serology was 
negatne Lumbar puncture was not done 
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That evening he had a severe chiU and his temperature rose to 108° 
He lapsed mto deep coma and ohguria became pronounced Ice packs low- 
ered the temperature to 102°, after which the patient was dehnous 
He was given sulfamlamide, 500 cc of a 1 per cent solution in sahne, 
twice daily for three da3^s beg innin g the third da^ m the hospital (two 
days on the Contagious Division, and one on Medicme) At that tune 
motile spirochetes® were demonstrated m the blood and contmued to be 
found daily throughout the penod of sulfanilamide therapy They did not 
disappear from the blood until three days after the drug had been discon- 
tmued (the twelfth day of the disease, the eighth day m the hospital) 

In the next 15 days his temperature gradually fell to normal, but a 
marked tachycardia — 100 to 130 — ^persisted Durmg this tune his white 
count rose to 43,000, and then subsided rapidly to 15,000 The urine 
remamed unchanged The stools began to show bde m mcreasmg amounts 
on the twelfth hospital day The icteric mdex reached a peak of 240 on 
the sixteenth hospital day, at which time the temperature was 99 5°F , and 
the blood urea had already fallen to 13 mgm per cent He remained 
lethargic with occasional bouts of dehnum, and was dangerously lU until 
about the 20th hospital day, at w'hich time it became apparent that he 
would hve 

From that time on he was essentially afebrile The icteric mdex re- 
turned to normal on the 40th hospital day The stools became normal and 
all evidence of renal disease disappeared 

Serum taken on the 30th day of the disease (34th hospital day) showed a 
strongly positive agglutmation titer agamst Leptospira icterohemorrhagiae, 
of 1.10,000 

He had no relapses, and was discharged well except for moderate tachy- 
cardia — 100 to 110 — on his 42nd hospital day On examination one month 
later, he was found to have gamed weight, was employed, and no evidence 
of residual disease could be found 

Case No 2 F E (^123728), a colored male laborer, aged 32, was 
admitted to the Cmcmnati General Hospital on July 5, 1939, complammg 
of pam m the chest of four days’ duration 

Three days pnor to admission, this man suddenly developed a severe 
shakmg chill, followed immediately by right upper quadrant pam which was 
exaggerated by respiration The following day he had a lesser duU and 
developed a cough productive of sputum, at first bloody, and later brown m 

3 First demonstrated bj Doctor Robert Rmgsland, Junior Assistant Resident m Medi 
one, CmannaU General Hospital 
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color He believed that he had had a high fever smce the onset. For a 
few da^-s pnor to the onset he had had a shght head cold There were no 
other sj-mptoms and he was unaware of the presence of laundice Up to 
the tune of admission he was emplo\'ed as a cook m one of the local fish 
houses 

This well-developed and weh-nounshed colored man was admitted to the 
Medical Seiance of the Cmcinnati General Hospital on Juh- 5 1939 com- 
plaining bitterly of right thoracic and upper abdominal pam The vital 
signs were as follows Temperature, 103 4, Pulse, 104, Respiration 30, 
BU 120/SO 
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He appeared acutely and seriously Dl The skin and sderae were mark- 
edly ictenc and there was a mild catarrhal palpebral conjunctmtis There 
was moderate nuchal ngidit}' and tenderness on pressure over the sixth 
and seventh cervical ^e^tebrae The movement of the right chest was 
markedly restricted and respiration was rapid and shallow. There was 
an occasional mspiratoiy grunt. There was marked h\-peraesthesia over 
the entire lower half of the nght chest Percusion revealed some dullness 
over the nght lower lobe and m this area the breath sounds were of di- 
minished mtensity A few moist rales could be heard There was no 
tubular breathing, nor mcrease m fremitus o%er this area The nght 
diaphragm moved poorh' The remamder of the examination of the lungs 
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He ^ temperature rose to 108= 

er^H Ti ^ pronounced Ice packs low- 

1 tasT““^: *V“° «■' deSo'i 

days on tL r beginning the third day m the hospital (two 

motile SDirorh^r^^'°“" Division, and one on Medicine) At that tune 

found ‘^°°tmued to be 

f the period of sulfanilamide therapy They did not 

been discon- 

tmued (the day of the disease, the eighth day m the hospital) 

marked ^iis temperature gradually feU to normal, but a 

130~persisted Durmg this time h^ white 
remainert I and then subsided rapidly to 15,000 The urine 

nn tbp Stools began to show bile m mcreasmg amounts 

the sivte ^fb t '^tie icteric mdex reached a peak of 240 on 

f be bl tune the temperature was 99 5°F , and 

?tLrl T cent He remained 

ahniif fb bouts of delmum, and was dangerously ill until 

would hve day, at which time it became apparent that he 

From that time on he was essentially afebnle The icteric index re- 
med to noriMl on the 40th hospital day The stools became normal and 
aU evidence of renal disease disappeared 

Senm taken on the 30th day of the disease (34th hospital day) showed a 

f 1^1 ^gglutmation titer agamst Leptospira icterohemorrhagiae, 

01 1 1U,UUU 

He bad no relapses, and was discharged well except for moderate tachy- 
^ 42nd hospital day On exammation one month 
a er, e was ound to have gamed weight, was employed, and no evidence 
of residual disease could be found 


Case No 3 F E (^123728), a colored male laborer, aged 32, was 
netted to the Cmcinnati General Hospital on July 5, 1939, complaining 
of pam in the chest of four days^ duration 

Three days prior to admission, this man suddenly developed a severe 
akmg chill, followed immediately by right upper quadrant pam which was 
exaggerated by respiration The foUowmg day he had a lesser chill and 
developed a cough productive of sputum, at first bloody, and later browm in 

^ First demonstrated bj Doctor Robert Kingsland, Junior -tssistant Resident in Medi- 
cine, Cmcmnati General Hospital 
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5 t*rc ’c’tTC^£’~cTTrzg'Ci vrexe positive in dflutioiis up to 1*50 000 in the 
third vreek of the disease- 

During the nrst four dnj-s m the hospital the patient ran a -very stormy 
comse 'with dehrrcm severe chest pain and rapidly increasing icteiUS, 
At no time tvere the ph%'£:cal findings in the diest as marked as one might 
have expected from the X-my examinations. After the foarth hospital 
dav, the temnerature returned quickly to normal but at the same time the 
ictenc index rose to S25 ana the vrhite blood count rose to aO 000 In sp.te 
of a normal tempemture and normal palse mte. he remained stuporous, 
occasionailv dehnous, and it was not evident that he vras gomg to recover 
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O^sa 3 

until the end of the second week in the hospital Thereafter he rmpro\*ed 
rap dly and was up and arouna the ward although still jaundiced ten 
days before oischaige. The lung finaings dimppeared after the patient 
had been essentially afebrile for one week The nudial rigiditj* lasted only 
three days. He was discharged well except for an icteric index of 22 after 
45 cays m the hospital 

Case Xo S J 2rl ( -^ 1235S21 a mneteen-year-old Xegro laborer was 
admitted to the Cin cinn ati General Hospital on July 2 1959 complairung 
of headadie. malaise, and musoilar pains ot five days' duration 

Five days prior to admission this man began to complain of severe 
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revealed no abnormalities The heart was normal m size, shape, and 
position, the rhythm regular, the rate fast, and there were no murmurs 
The abdomen was flat and there was marked voluntary sphnting of the 
whole right side. There was hyperaesthesia m the right upper quadrant 
No organs or masses were felt until the second da}’', when the ln’cr became 
palpable Peristalsis was normal throughout, and there was no rebound 
tenderness The remamder of the physical examination, which included a 
complete neurological examination, was entirely negative 

On admission, the red blood cells were 3 75 M, hemoglobm, 9 2 grams, 
white blood cells, 19,000, differential, pol}'morphonucIears 90 per cent, 
l}’mphocytes, 8 per cent, monoc 3 U;es, 1 per cent, and eosmophiles, 1 per 
cent The imne showed -! — {- alb umin , a trace of sugar, large amounts of 
bile and urobflmogen, occasional h}’ahn and granular casts, and from two 
to four pus cells per high power field on a centrifuged specimen The 
blood Kahn test was positive The sputum was thick and rust}', and 
contamed many gram-positive cocci, but no pneumococci could be identified, 
either directly or by culture m Axer}’ broth or in mice Lumbar puncture 
revealed a somewhat elevated spinal fluid pressure (250 mm of H:0) 
The fluid was clear, yellow m color, the Pandy 2-}— p, and there were 20 
l}mphoc}'tes per cu mm Twelve da}’S later the cerebrospinal fluid was 
normal except for five cells The spmal fluid Wassennann and gold cun e 
were negatix'e The ictenc mdex on admission was 175 X-ray exami- 
nation of the chest revealed a marked mcrease m the bronchial and pen- 
bronchial shadows bilaterally, particularly at the bases The apices were 
relatively dear Repeat examination three days later revealed no change 
The white blood count rose rapidly to 41,900 on the sixth hospital day, 
fell to 28,450 on the eighth day, rose agam to 49,750 on the mnth day, and 
then gradually returned to normal on the 15th hospital day The red 
blood count dropped to 2 3 M with a hemoglobm of 7 4 grams on the 10th 
day, and ■was returned to its onginal lex’el by transfusion The unne 
became normal except for large amounts of bile on the sixth hospital day 
It contamed urobilinogen throughout his hospital course 

The ictenc mdex rose from its rmtial level of 1 75 to 325 on the sixth day, 
was 300 on the tenth day, 60 on the 20th day, and was 22 at the tune o 
discharge (45th hospital day) 

The blood urea mtrogen ■was 40 on admission and the serum phosphatase 
was 5 4 Bodanski umts Both returned to normal m the second week 
ExammaDon of the blood serum by the dark field teclmique was negative 
for spuochetes The patient’s unne (thud week of illness) was mjecte 
into guinea, pigs and produced no disease Agglutinations for the Lepfo 
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The patient’s temperature and pulse on admission vrere elevated to 
102°F and 120 per mmute respectively, and they gradually fell to normal 
on the SLvth hospital day On the fourth hospital day (mnth day of lUness) 
he became mtensely jaundiced and the white count rose to 21,900 On the 
foUowmg day it fell to 13,000, and gradually returned to normal The 
icterus gradually subsided over a period of three weeks At the tune of 
discharge on the twenty-sixth dai-- of illness, there were insu ffi aent numbers 
of spurochetes m 50 cc of fresh urme to produce disease m a gumea pig, and 
the patient was entirely well except for shght residual icterus (icterus 
mdex 25) 
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Case 4 



Case No 4 H A (i? 130593), a white male laborer aged 21, was ad- 
mitted to the Cmcinnati General Hospital on October 3, 1939, complainmg 
of headache, nausea, and vomitmg of fir e daj's’ duration 

After a meal consistmg of a wiener sandwich five days before admission, 
the patient suddenly developed a serere frontal headache He soon broke 
out with sweat, became nauseated, and vomited all he had eaten Smce 
that time he had been in bed and had been completely unable to eat be- 
cause of persistent vomiting That mght he became aware of marked 
soreness and achmg m the muscles of his back, shoulders, and legs The 
foUowmg day he developed generalized abdominal tenderness and pam 
On the third daj', a cough, productire of a bloody sputum, appeared 
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frontal headache and dizziness Later that same day his throat became 
sore and he had some diffi culty* m swallowmg That evenmg he developed 
muscle pams m the neck and shoulder gurdle The foUowmg day these 
symptoms mcreased m seventy, and the third day he developed transient 
diplopia His legs and back became so stiff and sore that he had difficulty 
m walking The throat gradually improved, but the other synuptoms, 
especially the headache, grew worse till the tune of admission Ho history 
of chills or fever At the tune of the onset he was employed as a fish- 
cutter at a local fish house Ho history of rat bite, although there were 
many large rats seen at the fishery His hands were always vet while 
workmg Rubber boots were worn This weU-developed and well- 
nounshed Negro was admitted to the Medical Service, at which time he 
appeared acutely but not senously lU The \ntal signs were as follows 
Temperature, 102 4, Pulse, 108, Respiration, 34, B P , 112/78 

Skm was normal There was no icterus Ey^es were normal except for 
myopia Head, ears, and nose were normal Oral cavity normal except 
for shght mjection of the pharymx, tonsils present, though small There 
was moderate nuchal ngidity Lymphadenopathy was present m nght 
epitrochlear, nght axilla, and both ing uinal regions The nodes were small 
and firm Chest, heart, and lungs entirely negative except for tachypnea 
and mild tachycardia Abdomen soft and flat No organs or masses 
were palpable Gemtaha normal except for a small condyloma under 
antenor prepuce Rectal examination was negative The extremiPes 
were negative except for moderate tenderness over the larger muscle groups 
Neurological exa mina tion was entirely negative 

On admission, the red blood cells were 4 8 M, Hemoglobm 16 8 gms , 
white blood cells 9,300, differential normal Hrme was negative Lumbar 
puncture revealed normal cerebrospinal fluid imder normal pressure 
Wassermann was negative Widal and agglutination for Britcdla imlitensis 
were negative 

On the fourth hospital day the icterus mdex was 142, and the white 
blood cells, 21,950 This latter count fell to 13,000 the foUowmg day 
The icterus on the eighth hospital day was 114, on the 12th hospital day , 61, 
and on the twentieth hospital day, 40 Except for large amounts of bile 
and urobihnogen, the urme remamed normal throughout his course 

Agglutinations for Leptospira icterohemorriiagiae on the eighteen 
hospital day were strongly positive m dilutions up to 1 10,000 Dar* 
fipirl examinations of the blood on the eighth day of illness failed to revea 
the leptospira m the blood Gumea pigs moculated with the ^diment o 
fresh urme on the 25th day of lUness did not develop Weil’s Disease 
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the patient began to void and from then on his course -svas one of gradual 
recoverv The blood urea nitrogen and icteric index gradually fell to 
normal by the 52nd day after admission to the hospital The urme and the 
spinal fimd cleared and recovera- was complete 

At the tune of the anuna the patient had a diffuse papular era-thematous 
cVio eruption but we were unable to say with certainty that it was part of his 
disease and not a drug eruption (he had been given pentobarbital) 

He was discharged stall shghtly jaundiced on the 3ord hospital daj* 
One week later he had a relapse characterised by sudden onset of headache, 
nausea, and vomitmg This lasted two daj's and was followed by complete 
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recovery He has been seen many tunes smce and is quite well. Seven 
weeks after the onset of his disease the patient s blood serum agglutinated 
the leptospira icterohemorrhagiae m dilutions of 1.100 000, with an even 
higher lytic titer Repeated Wassemann tests smce therapy are negative. 

Case Xo 5 R T (^125293) a thirty-one-year-old Xegro laborer, 
was admitted to the Cmcumati General Hospital on July 19 1939 com- 
plauung of se\ ere headache and high fever of six davs duration 

Durmg the three weeks prior to admission this man had had a “mild 
head cold with a non-productive cough On July 13 1939, six da \‘3 
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On the day before admission, dark urme and rapidly increasmg jaundice 
appeared There was no chill, and he was not aware of fever On the day 
of admission he had a rather severe epistaxis No history could be obtained 
of exposure to rats or infected water 

The patient was a weU-developed and well-nounshed white man of 21, 
who was deeply ictenc, somewhat lethargic, and markedly prostrated 
His vital signs were Temperature, 100 4°, Pulse, 90, Respiration, 28, 
B P , 110/70 Save for jaundice, the sLm was negative There was 
rather severe conjunctivitis of both orbital and palpebral conjunctivae 
The pharynx showed moderate inflamm ation and some old blood No 
nuchal rigidity could be detected, and there was no lymphadenopatby 
The chest was symmetncal and expanded well The lungs were clear and 
the heart was normal The abdomen was flat and exquisitely tender m 
aU quadrants There was much voluntary resistance, but no true muscle 
spasm No organs or masses could be palpated Costovertebral tenderness 
was pronoimced bilaterally The extremities showed only muscle tender- 
ness most marked m the calves, and the neurological examination was 
negative 

On admission, the laboratory data showed RBC, 3 74M, Hgb, 12 
grams, WBC,13,800 The differential showed 85 per cent polymorphonu- 
clear leukocytes, 12 per cent lymphocytes, 2 per cent monocytes, and 
per cent eosmophiles The dark amber urme was strongly acid, and showe 
-f— 1 — 1--1- albumm, a trace of sugar, occasional WBC, no RBC or casts, an 
strongly positive tests for bile and urobihnogen The benzidm test was 
famtly positive The sputum was muco-purulent and showed both new an 
old blood No pneumococci were found The blood and spmal flui 
Wassermann tests were negative Ictenc mdex, 65, blood urea mtrogen 
59 mgm per cent, CO 2 combimng power 50 vol per cent, blood cultures 
were negative Dark field examination of the blood on the third hospita 
day showed motfle spirochetes The spmal fluid was under normal pres 
sure and showed 34 ceUs, half of which were poljunoiphonuclear leukocytes 
Prothrombm time was 15 seconds . 

At no time m his course was the patient’s temperature above 10 
He was ohgunc on admission, and m the next two days he berame com 
pletely anirric The ictenc mdex rose dunng this time to 115, and e 
blood urea mtrogen to 108 mgm per cent After 30 hours of comp ete 
anuna, as determmed by catheterization, he was given 500 cc o w 0 e 
blood from a compatible donor who had recently recovered from e 
Disease (Case No 2) The blood used had an agglutination titer against 
Leptospira tcterohemorrhagiae of better than 1 30,000 Withm sis ours 
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both lung bases on the sixth day and he died without regaining consaous- 
ness on the morning of bis sex enth hospital day 

Case No 5 Autopsj* Number N-39-334 The necropsj' was performed 
llo hours post mortem The body was that of a well-dex eloped and 
ELghtlj- obese black male of about thirty years of age The skm of the 
pahns of the hands and the soles of the feet had a distmctlj- yellow cast 
The eyes appeared swollen and mjected, and there were small collections 
of fimd beneath the bulbar conjunctix^e The sclerae were greenish- 
yeUow There was a quite profuse greenish-j'eUow watery discharge from 
the nose and the mouth 

The thoraac and the abdominal organs were m theur normal relationships 
and the pleural and peritoneal surfaces were smooth and ghstemng and free 
of adhesions All the organs and tissues which are normally hght m color 
showed exndence of yellow staining 

Heart The smooth, brownish-red heart weighed 475 grams and was of 
a flabby, dishrag consistencj' On section, the soft myocardium was pale 
red and appeared toxic The gross impression of a toxic myocardosis 
was confirmed microscopically but there was m addition a superimposed 
acute myocarditis The muscle fibers were fragmented, swollen, and granu- 
lar These changes, as well as smaller amounts of hy^ahne degeneration 
and actual necrosis rarely' involved fibers m their entuety but were limited 
to small segments There was karyoly'Sis of a fair proportion of the nuclei 
There was a diffuse mfiltration of reactmg cells mto the mterstitial tissues 
and xery' occasionally mto one of the broken-up muscle bundles These 
cells were chiefly leukocjdes and mononuclear cells, but a moderate number 
of IjTnphocjdes were also present There were qmte dense accumulations 
of IjTnphocytes as well as plasma cells around the blood x'essels and particu- 
larly beneath the endocardium 

Lungs The right lung weighed 910 grams and the left 850 grams The 
lungs were purphsh-blue and red, and were fauly firm and sub-crepitant, 
although some areas were entirely' dex’Oid of air On section, the lungs were 
dark gray and purple with scattered irregular areas of pink and red The 
dark purple portions were wet and tough whereas the red areas were more 
dry, fnable, and shghtly granular hlicroscopically there xvas pronounced 
pulmonary edema, pale, pink, granular matenal fillin g the majority' of the 
alx-eolar spaces There were scattered patchy areas of hemorrhage m the 
alxeoh, the red blood cells bemg enmeshed m strands of fibrm m many 
instances Recent areas of hemorrhage without any' fibrmous exudate 
were also m exndence In the hemorrhagic portions the alxeolar walls 
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before admission, while operating an air drill on a gas mam construction 
job, he suddenl)’' noted severe frontal headache and nausea These sjunp- 
toms became rapidly worse, he felt fevensh, and had to qmt work He 
was at home m bed until the tune of his admission The headache grew 
worse and he had marked drowsmess The nausea did not persist except 
when he tried to sit up There was no vomitmg Anorexia became \eiy 
marked He became veiy constipated, and on the fourth day of his acute 
illness he took some Senna leaves which resulted m a severe diarrhea which 
persisted until the tune of admission There was no blood or mucus in 
the stool There was no history to suggest typhoid fever or dysentery', and 
he was unaware of the presence of rats where he worked This large, 
muscular Negro was admitted to the Medical Service acutely lU and m a 
stuporous state His mtal signs were Temperature, 105°, Pulse, 124, 
Respiration, 28, B P , 130/94 His skm was hot and dry, and there was 
no evidence of jaundice There were a few moist rales heard at the right 
lung base, but the rest of the physical exa min ation was astomshmgly 
wnthout abnormahty 

On admission, the red blood cells were 4 91 M, with 110 grams Hgb, 
white blood cells were 14,800, with a normal cbfferential The unne was 
entuely negative The spinal fluid exammation revealed an imtial pres- 
sure of 220 mm of H 2 O and contamed three lymphocytes Blood culture 
and blood Wassermann were negative Agglutmations for typhoid, 
brucellosis, and dysentery, were negative X-ray of the chest revealed no 
abnormahties The white blood count fell to 10,000 on the fourth hospital 
day, and rose agam to 17,000 on the sixth day The urme showed -}— k 
albumm on the thud hospital day On the sixth hospital day, large 
amoimts of bile were found m unne The ictenc mdex was found to be 70 
on the fifth day, and 145 on the seventh day The CO 2 combuung power 
was 24 volumes per cent on the sixth day, at which tune the blood urea 
nitrogen was 85 mgm per cent This latter rose to 150 termmaUy The 
blood sugar was approximately 200 mgm per cent on several occasions 
The cells m the spmal fluid rose to 20 on the fourth hospital day, of which 
60 per cent were pol}miorphonucIear leukocytes The spmal flmd protem 
was never elevated Duect exammation of the blood and agglutmations 
rex'ealed no exudence of spuochetal infection 

The patient’s temperature d iminish ed slowly throughout his lUness, and 
his only complamt was frontal headache He became mcreasmgly drowsy 
An icteric tint was noted m the sclerae on the thud hospital day, and this 
rapidly mcreased to marked jaundice He rather abruptly became anunc 
on the fifth hospital day, and lapsed mto coma Pneumoma was found at 
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gianular material and cellular debris, together vntb mononuclear cells and 
rare polvmorphonudear leukocytes There were a moderate number or 
large, dilated tubules the lamina or which were completely filled with 
necroUc desquamating cells and endothelial leukocj-tes together with 
legeneratms epithelial cells, many oi which contained mitotic figure 
There was acute and subacute mterstitial nephritis, which was primarily 
focal and localized largely m the pyramids A slight difiuse mterstitial 
infiltration was present, however The cells consisted chiefly of lympho- 
cytes with a ^•aIymg proportion of polymorphonculear leukocytes, mononu- 
dear and plasma cells m difierent areas There were numerous and 
well-defined nests of h-mphocytes, and the cellular reaction was particularly 
marked around the vessels and hmphatics dose to the renal pebns Inter- 
stitial edema was cimte pronounced in this region also The glomeruli 
were normal. 

Suprcre7als The medoUaiy portions were disint^ratmg and onlj’ 
sTTi?!! partides of soft gray material were left dingmg to the thin yellow 
cortices In the left suprarenal the medullaiy space was distended and 
filled with a fairly large dark blood dot, but there was no hemorrhage in the 
nght suprarenal No other changes were noted microscopically 

Iteser.Ser There were small areas oi hemorrhage scattered throughout 
its substance. 

Brc r The bram weighed 1 260 grams There was some thickemng 
of the menmges over the left ironto-panetal region In the right ocapital 
region there was an area oi subarachnoid hemorrhage which measured about 
1,5 centimetexs m diameter The basilar menmges were shghtly thickened 
There were distmct Kemohan s notches on both sides and a definite cerO- 
beUar pressure cone 

The bram was cut at 1.5 cm thicknesses and nothing remarkable was 
discovered except for some destruction of the central white matter which 
was obiiously due to post mortem change, ilultiple sections through the 
bram stem and cerebellum were also negative. 

^Microscopic sections from the uncinate and motor areas stamed with 
cresyl violet were on the whole not significant. There was some chroma- 
tolv-sis, and an occasional nerve cefl showed neiironophagia In the white 
matter of the frontal lobe, portions of the tissue failed to take the stain 
and m these areas there were large numbers of B xrtkJ i (post-mortem 
changes) 

Sections of the cortex from the motor and pre-motor areas were stamed 
with hematoxj'lm and eosin There was thickemng oi the menmges m 
both of these areas, more so m the pre-motor than m the motor areas 
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were packed with poljTnorphonudear Ieukoc>-tes, and the aheoh m these 
regions also contained pol 3 -morphonuclear leukocjdes and pigmented 
macrophag^ in rar 3 Tng degrees of concentration The general picture 
as that of an acute hemorrhagic lobular pneumoma The bronchi of 
n - a bromiish, stick}^ vnscid exudate, but microscopi- 

ca > their Jumina contained 01113 ^ a fen reactmg cells and there was onl} 
° ^ ' ement of the walls b 3 ' an acute mflammatoiy process 

smooth, swollen, flabby, bght brown hver weighed 2,575 
grams ere were several soft, buigmg areas on the superior surface which 
were a ost fluctuant On section, the h\ er substance was homogeneous 
and pale brown with obhteration of the vascular markmgs The market^ 
-o tened areas represented merely soft, flabbj', hepatic tissue Microscopic 
examination reiealed a severe toxic hepatosis with a moderate degree of 
central zone necrosis The hver cords were fragmented and deranged with 
'ociation of the cells Many of the nuclei were swollen and the C 3 doplasm 
s ow^ a fine diffuse fatt^' degeneration The outlmes of numerous cells 
were zy, and the nuclei were either mdistmct or had disappeared com- 
^te 3 The pensmusoidal l 3 Tnph spaces were ver 3 ' wide and prominent 
There was a well-marked l 3 miphocytic infiltration throughout the tissues of 
man 3 ’- of the portal areas, which bore no stnkmg relationship to the bile 
ducts An 3 positne endence of attempted regeneration was lading 
There was some suspicion of bile retention 
Spleen The smooth, flabb 3 * spleen weighed 200 grams On secbon, 
the purplish-black pulp was extremely pultaceous, vei^"^ wet, and coarsely 
granular jMicroscopicaU 3 - there was marked congestion and such a deaded 
mcrease of pol3'morphonuclear leukocytes as to justr^* the diagnosis of 
acute splemtis 

Kidneys The kidneys were large and flabby, the right weighmg 350 
grams and the left, 375 grams Their thm transparent capsules stripped 
easily, rei ealmg smooth, reddish-brown surfaces which were speckled with 
numerous small, red dots On section there was buigmg of the pale tan 
cortices and eversion of the cut edges The medullae were evmn paler than 
the cortices, and possessed irregular, purplish-red borders ^Microscopic 
sections revealed acute toxic nephrosis which was confined chiefly' to the 
epithehum of the conv'oluted tubules These cells were swollen m nearly 
all instances so that their margins, bordenng the tubular lumma, presented 
a scalloped or markedly' ragged appearance In many' instances the tubular 
epithehum was defimtefy necrotic with desquamation mto the lumen, and 
either fadmg or complete disappearance of the nuclei The lumma of the 
com oluted tubules were generally' narrowed, and frequently' contamed red. 
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The pancreas, gastro-entenc tract, bladder, and ureters were normal 
There was chronic interstitial prostatitis, probably unrelated to other 
pathological changes m the case 

Occasional spirochetes, moiphologicallj* characteristic of Leptospira 
ideroheTrorrhagiae, were found m Xievaditi preparations of the kidn ey and 
hver They could not be demonstrated m the suprarenals, spleen, lungs, or 
bram The spirochetes found m the kidnej-s were not numerous and were 
found m the mterstitial tissues as well as m the epithehum of the convoluted 
tubules 


E.F-# 150455 



Cast No 6 E F (^130453), a white male, aged 65, sewer-worker, 
was admitted to the Cmcinnati General Hospital on September 30, 1939, 
complainmg of generalized pam of eight days’ duration 

The histori' was difficult to obtam because of the extremely exhausted 
state of the patient As nearlj- as can be detennmed, the patient suddenly 
developed severe, prostratmg malaise eight daj-s pnor to admission The 
foUowmg day he complamed of a severe epigastric and nght upper quad- 
rant pam On the third day, with mcreasmg prostration, he became 
extremelj- short of breath, had complete anorexia, and occasionally vomited 
Two da\-s before admission he became aware of jaundice There was no 
histon* of chill, headache, or cough, but patient had been aware of fever 
for approximately one week Xo further history was obtainable from the 
patient Some relatrces volunteered the information that the patient had 
been workmg m a sewer two weeks before the onset of his fflnpss 
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There vras an increase in arachnoid cells, and an accumulation of reactne 
cells m the meninges, consistmg cliiefl3' of mononuclear cells and a moderate 
number of plasma cells A few small Ijmiphocj'tes and an occasional 
pol3Tnorphonuclear leukoc3'te were also seen m the exudate In the paren- 
ch3Tna the penneuronal and penvascular spaces were wide and there iras 
congestion of all the vessels Sections of the pons and medulla stamed b}' 
this method showed little besides congestion There was some fat m the 
cells of the ohves, but most of the cells contamed nuclei Sections of the 
cerebellum showed a stnkmg generalized loss of cells throughout the 
granular laj-er There was no reaction m the granular la3'er and the nature 
of the process was not clear There was possibl3' some shght reduction m 
the number of Purkmje cells, and there was a proliferation of the ghal 
nudei m the Purkmje cell la3‘er A moderate number of small l3Tnphocytes 
were seen m several of the penvascular spaces m the white matter The 
meningeal exudate was not as marked m this region as m the cortex 

Scarlet R fat stains of the two areas from the cerebral cortex, from the 
cerebellum through the dentate nucleus, from the mid-pons, and from the 
lowermost extent of the medulla, revealed no abnormahties There was 
some accumulation of fat m the cells of the dentate nucleus 

Sections from two cortical areas, from the cerebellum through the dentate 
nucleus, from the mid-pons, and from the region of the decussation of the 
p3Tanuds m the medulla, were stamed b3^ the Smith-Quigle3’' metho 
These showed spotty dem3'ehnization which was rather marked m the 
P 3 'ramidal fibers m the pons, as well as m the fibers of the pons itself There 
was some spottmess also m the brachium conjimctivum, and m the white 
matter of the cerebellum there was streaky dem3'ehnization just oppos^ 
the dentate nucleus In the cortex this demyehnization was also strea^ 
and was not confined to penvascular spaces Similar sections were stam 
by the Lo3’'ez m3'ehn sheath method (to check the above findmgs) and re- 
vealed no myehn sheath abnormahty 

Sections of the cerebellum stamed after the method of Gros and Bo o 
revealed the loss of granular cells and an mcrease m ghal nudei m ^ 
Purkmje layer 

Sections from the medulla through the greatest extent of the inimo 
ohve were stamed with cresyl-violet and hemato^lm and eosm, and ere 
was nothmg to add to previous descnptions, with the smgle exception 
the cells m the infenor ohve were all markedly degenerated at this eve 
The cells which remamed showed up onl3' as small collections of fat ^ 
no nudei There was an mcrease m gha m the region of the infenor o e 
The cells of the reticular formation and of the hjiioglossal nudeus, a ew 
of which were seen at this level, showed some loss of Nissl substance 
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Eccri The soft flabby, reddish-brown heart weighed 450 grams 
There was moderate dilatation of all of the chambers On section the 
the cardiac musculature was homogeneous but flabby and p>ale reddish- 
brown The coronary arteries showed a moderate amount or sclerosis 
ilicroscopic esamination confirmed the coronary arteriosclerosis and showed 
in addition a well-maiied diffuse myocardial fibrosis There was also 
frasmentanon of manv of the muscle bundles and the cytoplasm of these 
took the stam une\'eiily and presented a rather granular appearance. The 
number of hours jxist mortem however does not allow these finding to be 
mterpreted as defimte evidence of tonatj- particularly since man}- of the 
fibers anpeared normal with good preservation of their cross-striations 
L'lt.gs The external surfaces of the voluminous lungs presented a mosaic 
of dark purphsh-red and black The right and left weighed 1175 grams and 
1100 grains respectively On section, the lungs dripped blood, and scat- 
tered throughout the dark, red moist sub-crepitant lung tissue there were 
many large, lumpy, friable areas whicn were entire!}- devoid of air Mi- 
croscopicallv there was marked pulmonary congestion and edema, the 
normal mesh-work of the lungs being obscured by the pools of fluid and the 
accumulations of er}-throc}-tes that filled a maiont}' of the alveolar spaces 
Interladng strands of fibrin and a moderate number of pol}-morphonuc!ear 
leukocj-tes scattered through the alveoh made positive the gross impression 
of hemorrhagic lobular pneumonia The cellular response was patchy 
and there were relatively few massive aggregations of poh-morphonuclear 
leukocytes The pneumonic process appeared to be an early one Al- 
though the bronchi contamed reddish mucoid material and appeared to 
have reddened mucosal linin gs there was httle e^"^dence of inflammation 
in their walls 

i-KT The pale brown In’er weighed 1S50 grams On section there 
was bulging of the substance above its capsule with rolhng of the cut edges 
The hepatic tissue was finely granular and yellowish-brown with numerous 
paler yellow blotches scattered throughout. The organ was quite fri- 
able and felt greas}* ^croscopic studies revealed a severe toxic hepatosis 
with marked degeneration of the hver cells around the central veins and to 
a lesser degree about some of the portal areas There was a marked rare- 
faction of the cells in the central portions of the lobules, many or the cells 
havmg disappeared completely while those that remamed were partiaHv 
fragmented and shrunken D generating hver cells could easilv be found 
within the lumina of the central and portal \eins The hepatic damage 
was oi a rather spotty distribution some areas presentmg a relativelv 
normal appearance There were focal areas of latti- infiltration The 
pensmusoidal spaces were swollen and promment There was auite marked 
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This elderly man m a semi-stuporous state, severely orthopneic, ivas 
obnousty dangerously ill His vital signs were Temperature, 100°, Pulse, 
75, Respiration, 35, B P , 120/60 Hi-; skm and sclerae showed obnous 
jaundice, and there were numerous purpunc spots scattered over his bodj' 
There was a cataract m the left eye, and a pteij^gium m the right The 
tongue was red and coated with a thick, black material which did not mh 
off The phar3iix was negative and there was no nuchal rigidity Aside 
from dry asthmatic wheezes throughout both lung fields, the chest was 
normal Heart could not be accurately percussed Heart sounds were 
distant and of poor quahty-, and the rhythm was grossly irregular The 
abdomen was shghtly distended and there was tenderness throughout the 
right upper quadrant The hver was palpated three centimeters below 
the costal margm No other abdominal masses could be palpated The 
prostate was moderately enlarged bilateraUj’^ and was quite firm Except 
for the purpura, the extremities were normal, as was the neurological 
examination 

Laboratoi^' findings were RBC, 3 91 hi , Hgb, 11 6 grams, WSC, 
7,750, Differential normal The dark amber urme was strongly acid, 
showed a trace of albumin, occasional RBC and WBC, and gave positiie 
tests for bile, urobihnogen, and blood The blood urea mtrogen was 75 
mgm per cent, CO: combinmg power was 26 vol per cent, ictenc mdex was 
80 Prothrombm tune was 15 seconds Blood cultures were negative 
Electrocardiograms showed ventricular tachycardia and emdence of se\ ere 
myocardial damage An X-raj’’ of the chest taken early on the second 
hospital day showed shght cardiac enlargement, elongation of the aorta, 
and a marked mcrease m the broncho-'vascular markmgs m both hila 
There was minimal endence of pneumomc infiltrate at the left base 

The patient’s condition remamed cntical throughout his hospital course 
Hw temperature was never high In spite of forced fluid administration, 
the blood urea mtrogen rose to 110 mgm per cent and the CO» combining 
power remamed low The pulse rate rose to 140 and the patient died 2/ 
hours after admission to the hospital, with a blood urea mtrogen of 1/a 
mgm per cent At death a large amount of blood ran from his mou 

Case^'o 6 Autopsj- No N-39-423 The necropsj' was performed 19 

hours post mortem The body was that of a well-dei eloped and iv 
nourished elderly white man who appeared about 65 j^ears of age e 
skm, mucous membranes, and sclerae were bnght j’-ellow m color 

The thoraac and abdominal organs were normal m their relatio = p= 
The pleural and pentoneal surfaces were smooth and ghstenmg an ee 
from adhesions or exudate 
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1 A congestion of the cerebral \ essels throughout both the vrhite and the 

gray matter, rvhich was present m all sections, 

2 Cortical atrophj*, and 

3 Cerebral arteriosclerosis in the menmgeal \ essels cut m cross-section 
Sections stamed with hemato-^-hn and eosm showed thickemng of the 

meninges and a shght mcrease m the arachnoid cells An exudate was 
present which consisted chieflj- of mononuclear cells, a moderate number 
of poljTnorphonudear leukocj’tes, and an occasional hunphocj’te These 
findmgs were also present m the menmges of the cerebellum and around the 
bram stem A sun'ej' of the cerebellum mdicated that there was a mild 
outfall of cells m the granular layer as well as an mcrease m the ghal nuclei 
m the molecular laj'er of the cortex There was congestion of the vessels 
m all the sections, espeaally m the medulla There appeared to be some 
fat m the cells of the ohves and of the dentate nucleus 

Cresjl-violet stams of cortical blocks showed chxomatolysis m the nerve 
cells of the cortex and there was an occasional example of neuronophagia 
Scarlet R stains showed a moderate amount of fat m the cells of the 
dentate nucleus, and some fat in the phagocj-tic cells of the white matter, 
but m the latter fat was extremely scarce The cells of the cerebral cortex 
and those of the cerebellum appeared normal by this method 

hlany sections from the cerebellum and from several cortical areas were 
stamed by the Bodian and Gros methods, and the onlj* abnormahtj- re- 
vealed was an mcrease of gha m the molecular laj-er of the cerebellum 
Jahnd and Le\'aditi stains revealed no structures that could be definitely 
identified as spirochetes 

The pancreas, except for moderate fatty mvasion, appeared normal 
The unnary bladder, ureters, and the gastro-entenc tract appeared normal 
There was generalized arteno- and arteriolar sderosis 
The prostate showed bemgn adenomatous hj'perplasia and chrome 
mterstitial prostatitis 

Le\-aditi stams of the kidney, lungs, hver, spleen, and suprarenals re- 
^ ealed the Leptospira idcrohcmorrhagtae only m the kidnej-s The organisms 
were sparsely scattered through the kidnej-s, and the findmg of more than 
two orgamsms m any microscopic field was rare They were present m the 
epithehum of the com oluted tubules and also appeared withm the mter- 
stitial tissues 

Doctor Charles D Armg made an extensive study of the pathological 
changes m the brams of these two cases, and we are mdebted to hun for a 
large part of the imcroscopic findmgs 
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mflaminatory reaction in the portal triads consisting of l^nnphocj'tes, plasma 
c^, and occasional poljnnorphonuclear leukocytes— the type of cells and 
meir relatne proportions resembling the reaction found in the kidne 3 ’s 
Apparently no attempt at regeneration was bemg made There was httle 
evidence of bile retention even m the central areas 

Spleen The soft, dark red spleen weighed 275 grains On section, the 
sp emc pulp was creamy red and mushy ]Microscopicall 3 ’’, there was 
pronounced congestion and marked mvasion of the pulp by pohunorphonu- 
dear leukocytes 

Kidneys The similar-sized kidne3’'s, together, weighed 550 grams Their 
capsules stnpped with ease, reveahng pale brown surfaces On section, 

ere was eversion of the cnit edges, and the pale, friable cortices and 
meduUae were poorly demarcated from each other A severe tovic necrosis 
was found on microscopic exammation The epithehum of the tubules, 
particular^ of the convoluted tubules, showed marked doud 3 ’' sweUing, with 
I3.gg6d, granular, dismtegratmg cells and karyofysis In spite of the number 

of hours post mortem, these changes were thought to be too pronounced 
to be accounted for b 3 ’' this factor alone There was a diffuse cellular re- 
action throughout the mterstitial tissues, consistmg of collections of l 3 Tnpho- 
cytes, plasma cells, and a moderate number of pol 3 Tnoiphonudear leuko- 
cytes The reaction appeared acute and was present m the cortices and the 
P 3 Tamids, but was more pronounced m the former There was a shght 
mcuease of young cormective tissue accompan 3 Tng the inflammatoiy re- 
action, particnilarly about some of the glomeruh, and m these areas the 
tubules were diminished m number, some of them havmg either partialty 
or completely disappeared There were a few scarred glomeruh, and the 
artenes and arterioles showed a moderate amount of h 3 ahne thidrerung 
Suprarenals On section, the tan cortices were well differentiated from 
the dark brown, mushy meduUae Microscopically there was noted de- 
generation of the medullar 3 ’’ areas and the presence of small nests of l 3 mipho- 
cytes scattered through the cortices There were also small focal extrava- 
sations of erythrocytes m the remnants of the medullae 

Brain The bram weighed 1325 grams The arachnoid over the 
superior aspect of the cerebral hemispheres and m the left S 3 ’'lvian fissure, 
although fairly transparent, was thickened and gelatmous The menmges 
elsewhere appeared normal There was a small Kemohan’s notch on each 
side, and a marked cerebellar pressure cone 

hlultiple coronal sections v ere made through the bram at 1 5 cm thick- 
nesses Grossly these were entirel 3 ’- negative except for the foUowmg 
pomts 
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merdv a reparative attempt on belialf of the damaged m}-ocardium 
The pronounced accumulations of h-mphoci-tes and plasma cells 
beneath the endocardium are particularly interesting in view of the 
two cases of vegetative endocarditis reported by Dragert (721 the 
spirochete being positively identified within the heart in one of these 
This case also had large accumulations of cells beneath the endocar- 
dium It mav weU be reasoned that if sufficient tune had elapsed 
before death in Case Xo- 5 the subendocardial inflammaton' process 
might have broken through the endocardium and have been identified 
grossly The cellular reaction m the heart was quite similar to that 
found elsewhere. The myocardium certainly showed severe toxic 
damage and although this is common in severe toxennas theiacuohza- 
tion loss of stnations and ffialinization of portions of muscle bundles 
are suggestive of mjurx' of a tx'pe that is rather characteristic of the 
muscular damage that occurs m Weil s Disease 

Hepatic damage was severe m both cases and apparently ^•ar^■mg 
degrees of cloudy sweUmg rarefaction and dissociation of the ceUs, 
or actual necrosis are present m nearlj- aH cases Although hepatic 
damage has generally been considered the cause of the Jaundice m 
Weil s Disease the exact mechanism of its production has remained 
in doubt SweUmg of the hepatic cells together with functional 
impairment due to toxic injuiy has been advanced as the cause but 
Oka (64) beheves that dissociation of the cells with consequent 
rupture of the bile capiUanes is responsible Attempts at regenera- 
tion althou^ reported as a fairly constant findmg, were not demon- 
strable in either of the present cases Xeither was there much evi- 
dence of bihary stasis but some of the cells around the central veins 
did contain orange-brown pigment CeUular infiltration in the portal 
areas was present m both these cases and has been noted m other 
necrops}* studies 

The central ner\-ous siatem in WeU s Disease has received only a 
moderate amount of attention Wenmgitis is a weU-known comph- 
cation of the acute stage of this disease and chronic forms have been 
d^cnbed Wurgatroyd (42) reports a case m which the spirochete 
was recovered from the spmal fluid as long as six months after the 
onset of the patients illness Haschec and Tobei* (441 hai-e also 
recently reported a case in which the meningeal signs and simatoms 
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COIDIENT ON THE PATHOLOGY OP THESE T5VO CASES WIIH EEPEEENCE 
TO THE USUAL HORBLD ANATOMY OF WEn-’S DISEASE 

A review of the pathological findings in these two cases of Weil’s 
Disease reveals eAndences of an acute generalized infection with an 
accompan3nng profound toxemia The similanty of the findings in 
the two cases is rather striking The chief morphologic changes were 
present in the kidneys, hver, and lungs 

Damage to the capillaries was manifest by the hemorrhagic condi- 
tion of the lungs, in both cases, and by the hemorrhage which occurred 
in the left suprarenal and m the subarachnoid space, together with 
the focal areas of hemorrhage in the mesentery of Case No 5 The 
hemorrhagic tendenc}’^ was apparently not so pronounced in Case 
No 6 , the only other hemorrhages besides the pulmonary manifes- 
tations bemg present m the suprarenals, and these were quite minute 
Hemorrhage within the suprarenals is of common occurrence in this 
disease, bemg reported frequently m other necropsj’^ studies 

The hemorrhagic condition of the lungs has been reported previously, 
but occurs most charactensticall}' in the guinea pig, where the lesion 
is t3'pical and practicall3’’ umversal Focal pneumomc lesions have 
also been described but are not common Certainl3’' the puhnonar3’^ 
inflammatory reaction in the two cases reported here was patchy and 
early, and some of it may well have been a response to the hemor- 
rhage, but it IS beheved that not all of it could be accounted for b3’ 
this factor alone The kidneys of both cases lUustrate the known 
fact that the tubules bear the brunt of injur3’^ The tubular damage, 
mterstitial edema, and inflamm atory reaction, are as t3qncal as any 
of the findmgs m this disease, the pathologic picture of which is not 
suffiaentl3' defimte and clear-cut to enable a diagnosis to be made by 
the morphologic changes alone The acute mterstitial nephntis is 
said to be confined chiefly to the cortical areas in most cases, but was 
qiute diffuse in both of these cases and involved the cortex more 
markedl3’’ in one and the pyramids in the other 

The heart m W'eil’s Disease sometimes shows very interestmg 
changes The heart m Case No 6 may be considered essentiall3' 
negative from the standpoint of this specific disease The heart m 
Case No 5, however, presented defimte damage, the cellular reac- 
tion was qmte marked throughout and certainly mdicated more than 
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hemorrhages else-nhere 2 iIicroscopic examination revealed acute 
toxic nephrosis and local areas ot hepatic necrosis No mflammator}' 
reaction was noted in the kidney's but tairh' numerous pol^-morpho- 
nuclear leukocjhes were seen m the sharpl3- defined, necrotic areas in 
the hver The remaimng hver cells also appeared swollen and 
granular It is interesting that the portal areas showed an infiltra- 
tion ol l3-mphoc3'tes, and mononuclear cells with occasional P0I3'- 
morphonuclear leukoc3tes, a cellular reaction similar to that found 
in the same areas m the human hvers 



C\SE 7 Photomicrograph ot guinea pig U\ er showing L iclirol.en.orrhjgmcmtiii tissue 
This ammal was inlected with the unne irom Case Xo 7 

The local hepaPc necrosis is apparentl3- more common m gmnea 
pigs with Wed s Disease than m human bemgs, but Ball ( 96 ) reported 
a similar picture m his case and it has been noted b3' others 

Le\ aditi preparation ol the hA er and kidne3-s show ed man3- spiro- 
chetes which were most numerous m the h\ er 

CastXo 7 W D (140434), a colored male, aged 20, W P A laborer, 
was admitted to the Cmcinnati General Hospital on 2ilarch 10, 1940, m 
such a comused mental state that he could not gne a histoiA From a 
relatne we were able to ascertam that he had been taken suddenl\ ill with 
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were severe The clinical and spinal fluid findings m Weil’s Disease 
have not been weU related to pathologic changes Dragert (72) 
studied the central nervous system in three cases, and in one of 
these the memnges of the brain and spinal cord showed a cellular 
infiltrate consisting of lymphocytes and plasma cells The same 
author also noted an icteric discoloration of the ependyma and spmal 
uid, which he explained on the basis of damage to the meninges due 
to the inflammatory and toxic process which allowed passage of the 
pigment from the blood to the spmal flmd In the present two cases 
these changes were not foimd, but the memnges m both showed an 
inflammatory reaction, as has been descnbed Dragert (72) also 
noted petechial hemorrhages and focal aggregations of lymphocytes 
and plasma cells m the tibial and brachial nerves, but no degeneration 
of the nerves themselves Kaneko (63) observed changes in the 
nerve cells, but Dragert (72) did not He did describe ghal prolifera- 
tion in the thalamus, however The neuronal changes in the cur- 
rent cases have been described in some detail Although an exact 
mterpretation of the neuronal changes is not possible, certainly 
these, together with menmgeal reaction, bear further testimony that 
Weil s Disease is a generahzed disease and that the central nervous 
system is by no means i mm une No actual inflammatory reaction 
was observed within the brain substance, but the cellular response 
m the memnges was identical with that found elsewhere 
Intraperitoneal moculation of infected cerebrospmal flmd, blood, 
or urine, into gumea pigs, produces the characteristic lesions m from 
five to ten days Urme from Case W D , Number 7, was injected 
mtrapentoneally mto a gmnea pig during the second stage of the 
patient s illness, and another pig was moculated with urine obtained 
durmg the patient’s convalescence The first pig died on the thir- 
teenth day and the second pig was sacrificed on the eleventh day m a 
markedly toxic state These animals at necropsy were intensely 
jaundiced, the icterus being particularly noticeable about the ears, 
nose, soles of feet, and gemtaha There were pimctate hemorrhages 
scattered throughout the skm, subcutaneous tissues, and peritoneum, 
and practically every organ presented multiple hemorrhagic areas 
The punctate pulmonary hemorrhages are usually particularly char- 
acteristic, but m these animals they were no more marked than the 
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grateful to Doctor R E. Dyer and his stan, pvirdcularly to Doctor 
A Packchanian for the co-operauon they have given us in estabUsh- 
mg the diagnosis in our cases We hope that v. e may stimulate sum- 
cient interest in tHs disorder to make the creauon of more diagnostic 
laboratories mandatory'. 


SEiEUASY 

1 The more important items of the world literature on Wed s 
Disease are reviewed 

2 The dmical and diagnosuc features of the disease are discussed 
in detail 

3. Se\ en case reports are given * 
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headache, musea, and vomiting, eight days prior to admission, and had 

groiu n steadily orse Three days before admission he became jaundiced 
and stuporous 

He was practicaUy afebrile on admission, and aside from jaundice, muscle 
tenderness, and his semi-stuporous state, bttle was found on examination 
m the previous cases, the findmgs mcluded leukocytosis, urea re- 
tention, mcreased icteric mdex, ceUs and mcreased protem m his spinal 
llmd, normal prothrombm tune His course was t^iucal and uneventful 
without other than supportive therapy He is weU and uorkmg at the 
present tune 

His urme produced fatal jaimdice m gumea pigs m the first part of the 
d week of lus disease, and later (the sixth week of the disease) positn e 
agglutinations for L icterohemorrhagtae were obtamed m dilutions of 
1 10,000 This stram difi'ered somewhat from that found m the previous 
SLx cases, and ga\ e a sunultaneous agglutination to L canicoJa m a titer of 
1 1,000 Further serological studies on this case are still bemg earned out 

COiniENT 

Weil s Disease, like typhoid fever, is an acute and serious infection, 
protean in its maniiestations It has been diagnosed much less 
frequently in this country than elsew'here in the world We are not 
convmced that this discrepancy is due solely to a remarkably lower 
incidence of the disease in this country, and have therefore taken the 
hbertx^ ot discussing this disease, now 54 years old, in detail 

We have not attempted to cover all of the world hterature, but only 
that which should contribute to more frequent proper diagnosis of 
the disease in this country We have attempted to emphasize both 
the chmeal and laboratory methods of diagnosis, and have included 
sev'^en detailed case reports which demonstrate most clearly the 
variabdity which this disorder may show 

Weil s Disease is primarily an occupational disease now compen- 
sable in Xew^ York State, j^et, there is not available to the medical 
profession the proper therapeutic agent — immune serum This agent 
wnll not become available until the importance of the disease and 
its high mortality rate 30 per cent, is recogmzed in this countiy’' 

The National Institute of Health at Washington, D C , is the only 
public laboratory in the country adequate^ eqmpped to do thorough 
diagnostic and investigative studies on this disease We are deeply 


* There are se\ eral pn\ ate and imi\ ersity laboratones no^\ so equipped 
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THE ACTION OF FLUORINE IN LIMITING DENT.AL CARIES 


J F \OLKER A^-D B G BIBBY 

Tr£ Urs'irrJi of R-cmsltr School of ltd arc <or3 DcrJ.slri, of 

BcrJd Riscorci, Ra-ccs'cr, Xac Tori 

Inadental to the establishment of fluorme m the drinking water as 
the cause of mottled enamel (.I3 3), some observations were made 

of the occurrence of dental canes These mdicated that mottled teeth 
were somewhat less canous than the non-mottled teeth None of the 
studies attempted to establish a direct relanonship between the 
duorme content of the water and the occurrence of dental caries 
Qmte recently three tj^pes of mvestiganon ha% e mdicated that such a 
relationship might exist and that fluorine might act to reduce the 
acmuty of dental canes mdependently of its effects m producmg 
mottled enamel The work pomtmg to this conclusion consists of al 
field studies 01 the relationship of mottled enamel and fluorine intake 
to dental canes, b) chemical anal3'ses of the teeth, and c) expenments 
with coarse particle canes m rats This paper re\aews the work under 
these three heads and records and anal\'zes recent expenments de- 
signed to show the mechanism by which fluonne influences dental 
canes 

I EtTDEXCE THAT TLrOlOXE EvELtrEXCES ACTmTX OE DEXTAE CASTES 

EIELD STUDIES 

In his work on mottled enamel Black (4) suggested that canes 
mcidence was reduced where the condition was endemic He states 
As to canes, the teeth of these children compare favorablj- with those 
ot other communities where endemic mottled enamel is unknown. 

But when the teeth do decaj- the frail condition of the enamel makes 
It extremel\- dimcult to make good and effecti%e flllmgs For this 
reason man\- mdiNiduals will lose their teeth though the number of 
canous ca\TUe3 is lewer than elsewhere ’ Although 2kIacKa\- (5) 
made no attempt to compare the canes susceptibiliU' of people of 
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canes-free, whereas 22 per cent of the children using a water supply 
containing 17to25ppm of fluonne had no caries Smce it was 
also noted that, when water with a high duorine content was being 
used, the caries inadence m mottled and normal teeth was not sig- 
nificantly dmerent, it was concluded that the hmited iminunit 3 ’- 
producing fantor present m the water is operative whether or not the 
tooth is affected by mottled enamel ” In another survey (10) m 
Hhnois, which was designed to show the relationship between ffuonne 
content of the dnnkmg water and the occurrence of dental canes, it 
was lound that m two aties (Galesburg and !Monmouth) which had 
water supplies containmg respectively 1 S and 1 7 p p.m of fluonne 
the occurrence of canes was less than m two other aties (Macomb and 
Quincy) which used water containmg only 0 2 p p m oi fluonne 
WTule the total caries madence per one hundred teeth m the first two 
aties (201 and 205) may not be significantly less than that m the last 
two (401 and 638), tne differences m its occurrence m the upper 
anterior teeth were striking In these teeth there were only 0 67 and 
0 38 caMPes per one hundred tooth surfaces m the children using the 
fluorme-containmg waters, whereas m those usmg the other waters 
there were 7 2 and 9 3 per 100 sunaces 
That fluonne in the water is parPcularly effective m reducmg the 
canes m the upper antenor teeth is substantiated by the observapons 
of Armm, Aberle and Pitnej- (11) who were unable to discover any 
caries m 1,605 permanent mcisors m Indian children ot Xew Mexico 
and Arizona who were usmg a water supply containmg 0 7 p p.m of 
fluonne Day also failed to find canes in any of 1,352 permanent 
incisors oi his group or children irom a mottled enamel area 
The preceding studies seem to show that the reducPon of canes 
noted in assoaaPon with motthng of the enamel is the result of the 
mtake oi fluonne rather than the mottled condipon of the teeth per sc 
This 15 borne out by the obsercaPons on deciduous teeth which, al- 
though thej' show httle motthng themselves, are particularly resistant 
to dental canes Dean (12) is ot the opinion that the resistance to 
canes does not depend upon the presence oi fluonne at the time of 
calcincapon ot the enamel and dentm so much as it does on the fluorine 
m water used subsequently The tact that the effects are so much 
more marked on the antenor teeth than on the molars may be taken 
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endemic areas with those from other locations, he noted that indi- 
viduals hvmg m communities which had no mottlmg of the teeth 
s owed much more caries than did those with mottled enamel, and 
also that when canes did occur in either the mottled or normal teeth 
of people in endemic areas, it was limited almost exclusively to the 
molars Buntmg (6) has observed that the extent and activity of 
caries was remarkably hrmted m the mouths of children residing in an 
area where mottled enamel was common 
More recently mdications of the possible relationship between 
fluorme and dental caries have come from widely scattered sources 
Maskai (2) who conducted studies m Japanese provmces obser\^ed 
that The percentage of dental canes is comparatively small amongst 
those who suffer from this abnormality” (mottled enamel) In 
Argentma, Erasqum (1) noted a reduction of caries m the inhabitants 
of mottled enamel distncts Piperno (7) reported that m Itahan 
villages, those people drinkmg water nch m fluorme and showmg signs 
of mottled enamel had only about one-tenth of the canes of city 
inhabitants Amsworth (3) studied the effects of the fluonde-con- 
tammg waters of certam distncts m England upon the teeth of 
children In a group of two hundred children from five to fifteen 
years old, both the permanent and deciduous teeth showed a low 
canes mcidence Of the permanent teeth, 7 9 per cent, and of the 
deciduous teeth, 12 per cent, were carious compared with respective 
averages of 13 14 per cent and 43 3 per cent for the rest of England 
It IS of particular mterest to note that although deciduous teeth 
showed scarcely any signs of mottlmg they manifested the greatest 
reduction m canes Day (9) has recently reported s imil ar obser\^a- 
tions from India where he found 41 89 per cent of the children m a 
mottled enamel area free from caries compared with only 5 95 per cent 
m a non-endemic group 

The most thorough work mdicatmg a relationship between fluorme 
mtake, mottled teeth, and caries is that of Dean and his associates 
One survey (8) showed that the occurrence of caries m nme year old 
children m selected cities of Kansas, Colorado, and Ulmois was lower 
for both the deciduous and permanent teeth m mottled enamel areas 
than was the case m other places Only 4 per cent of the children 
usmg water supplies contaming 06tol5ppm of fluorme w'ere 
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onlj- TTiien fluorine rras present vdth the casdn indicated that fluorine 
■sras the enecnve principle. Other investigators. Miller (IS), Cox 
d jJ (20), Che3-ne { 21 ') and Sognnaes (22), have indicated that 
fluorine greatlN' reduces the amount of caries produced coarse 
particle diets. 

There are two reasons wh\- onl\* guarded conclusions should be 
drawn from the above findin gs In the nrst place, the coarse particle 
caries of rats resembles human caries onlj* so lar as the destruction of 
dentin is concerned and is probabty primarilj* the result of fracture of 
the teeth ( 23 ). It is even possible, therefore, that fluorine may 
influence rat caries as a result of toxic changes brought about in the 
nerves or muscles related to the jaws and consequentlj- its limitation 
would not be related to an3' known factors in human caries In the 
second place, the intake oi fluorme neces5ai3* to produce changes in 
the caries mddence in rats is far m excess of that which modines 
human caries This, of course, mat- be the result of a greater fluorine 
resistance m the case of the rats 

The evidence just cited xrom the three flelds of investigation indi- 
cates that fluorine is an agent which has a remarkable effect on dental 
canes The flndings in the Add studies are particularl3* comnncmg 
and, even were the3' not supported as the3' are, b3- the results of 
chemical anal3-se5 and animal exjieriments, the3' are strikmg enough to 
suggest that, if the mechanism b3' which fluorme enhances the caries 
resistance could be ascertained, it might lead to a pracncal method 
for the prevention oi dental deca3- The succeedmg section of 
paper attempts to interpret studies which have been carried out to 
determine the mechanism oi fluorine action 

n. MECSAXisn oe eleosixe -Acnox 

It IS anomanc that m preventing dental caries fluorine must act 
either b3 weakenmg the attacking forces which cause a oreakdown or 
the teeth or 03- enhancmg the power or the teeth to withstand this 
attack Smee almost all responsible authorities agree that the miTial 
lesion or dental canes is a decalcincation of the enamd b3- aads pro- 
auced b3- bactenal fermentation of food fluorme must act either b3- 
reducing the lormanon 01 acids or b3‘ making the enamel and dentm 
more resistant to their acuon It is further beheved that the balance 
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ur er evidence that the incorporation of fluonne m the teeth 
nng ca cification is not the factor which determines the resistance 
o canes It also seems to mdicate that the effect is not dependent 
upon a continuous washmg of the teeth with fluorme-contaming 
o^erwise we would expect the upper antenor teeth to be less 
adequately protected than the molars 


Chemical Analyses of the Teeth 

The many chemical analyses of the teeth have as a whole failed to 
vea erences between canons and non-canous teeth The 
^cipal exception to this is found m fluonne analyses In 1899 
em^ and Scheffler (13) reported that non-canous teeth contained 
mme fluonne than canous teeth The value of their results is limited 
} e act that they employed small amounts of material containing 
P^opu^tious of enamel and dentm and because the then 
a'va a le methods of fluonne analysis were of questionable accu- 
racy (14) Recentljq however, modem methods of fluonne anal} sis 
ave been apphed to separated enamel and dentm Armstrong and 
re ' us (15) ha\ e shown that the fluonne content or the enamel ot 
non canous teeth contains 0 0111 per cent of fluonne, whereas that 
o canous teeth only 0 0069 per cent These differences, accordmg 
to ^ e authors, are statistically significant Similar differences were 
not found m the fluorme content of canous and non-canous dentm 

Experimental Caries in Eats 

I\Tiile there is senous doubt as to how closely the lesions produced 
m the molar teeth of rats by feedmg coarse particles of com or nee 
r^emble human canes, this condition remams the closest counterpart 
of human canes that can be produced at will m experimental animals 
Consequently, it has been used extensively m attempts to mdicate 
the significance of vanous dietary deficiencies or supplements upon 
the occurrence of dental canes Usmg this experimental procedure, 
Lflly (16) observed the reduction of “canes” from 60 per cent to 10 3 
per cent when casern was added to a canes-produemg diet The 
subsequent demonstration by Hodge, Luce-Clausen and Brown (17) 
that commercial casern was heavily contammated 'with fluonne and 
the demonstration (19) that the reduction of canes was brought about 
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blood of cats ever reaches the saliva This is true in spite of the 
tremendously high concentration of fluorme m the blood which vastly 
exceeds that ever found m natural condition The bulk, of the fluorme 
passes to the urme or is found m the bones (27) 

The Formation of Acids 

The action of sahvary amylase m breakmg down starches to more 
readily fermentable sugars may be considered to be the first step m 
the formation of acids from food carbohydrates While evidence of a 
shght inhibition of amylase actmty by fluorides has been reported 
(28, 29, 30), the more convmcmg mvestigations of IMcClure (31) 
showed no such effect iIcClure found that the addition of from 0 76 
to 760 ppm of fluorme to the sahva did not affect its enzymatic 
actmty and that there was no difference m the amylolytic activity 
between the sahvas of children drinkmg water contauung 1 8 p p m 
of fluorme and those usmg fluorme-free waters 
The action of bactena m fermentation could be weakened either by 
reducmg the bacterial population or mterfermg with the actmty of 
the orgamsms regardless of their numbers Experiments directed 
towards explormg this first possibihty have not given defimte results 
Buntmg et al (6) mvestigated the bacterial flora ot children of himark, 
Bhnois who were receivmg a fluorme-contaimng dnnkmg water 
They concluded that “bacterial cultures taken from the group did not 
show correlations with the activities of dental canes as is found m other 
commumties ” So far as can be seen from their results, the deviations 
which normally occur are not m any one direction Alore recently, a 
companson was made (10) of the occurrence of L acidophilus m 
children usmg a low (Qumcy, Hhnois) and a high fluorme (Galesburg, 
Ulmois) dnnkmg water It was found that 52 per cent of the former 
children had acidophilus counts of 30 thousand or over, while only 15 
per cent of the latter had counts of this magnitude Hamson (32) 
showed that m rats receivmg fluorme only 1 per cent of the oral flora 
was lactobaciUi as compared with 18 per cent m those receivmg no 
fluorme The streptococcal count was not affected similarly The 
significance ot these findmgs is doubtful because the reduced lacto- 
bacilh counts are probably the result of the observed reduction m 
the numbers of cavities m the fluorme groups Any conclusions 
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between the attack and the resistance may be swung m either direction 
by the action of the sahva In keepmg with this analysis ot the 
process oi canes, the most logical method of examinmg the mechanism 
or fluorine action is to consider separately the factors of 1) sahvar> 
action, 2) acid formation, and 3) tooth resistance to see the maimer m 
which each of them is affected 

The Action of Saliva 

Smce the manner m which sahva influences the progress of dental 
canes is not known, the only method of testmg whether it is an im- 
portant link m the mechamsm of fluorme action is to detenmne 
w ether the effects of fluonne are stfll shown m its absence To 
end, Cheyne (21) earned out tests on the effect of fluorme on 
experimental canes m rats from which the sahvaiy glands had been 
extirpated It was found that m the absence of oral secretions there 
was a great mcrease m the amount of canes but that when fluonne 
was administered the amount of tooth destruction was reduced to 
one fifth On the other hand, when desahvated animals which had 
previously been fed quantities of fluorme suffiaent to cause motthng 
of the teeth (and presumably an increased fluonne-content m the 
enamel) were placed on the canes-produemg diet, no significant reduc- 
tion of canes occurred (24) This seems to mdicate that the con- 
tmuous action of fluorme is required to reduce canes activity, but 
that the fluonne occumng m the sahva is not important m this matter 
A different mechamsm is suggested, however, by Cox’s (20) findmg 
of a reduction of canes m the offspnng of ammpl^; fed a high fluorme 
diet regardless of its absence m their own diet The conclusion that 
the sahva is unimportant is m keepmg with observations made m 
human field studies These have shown (10) that the upper anterior 
teeth which show the greatest resistance to canes are not the teeth 
which have the benefit of contmuous flushmg by the sahva, and that 
the fluorme content of the sahvas of children with canes immuni ty 
resultmg from a fluonde-contammg water supply does not differ from 
that of children on a pure water supply (25) Another reason for 
behevmg that the secretion of fluorme m the sahva is not important 
m canes prevention is the demonstration (26), by use of radioactive 
isotopes, that only about 0 1 per cent of the fluorme mjected mto the 
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blood 01 cats ever reaches the 5ah\a This is true m spite of the 
tremendoush' high concentration of fluorine m the blood -R-hich vastly 
exceeds that ever found m natural condition The bulk, of the fluorine 
passes to the unne or is found m the bones (27) 

The Formahon of Acids 

The action of sahvar}^ amidase m breaking down starches to more 
readily fermentable sugars may be considered to be the first step in 
the lormation of acids from tood carbohydrates WTifle evidence of a 
shght inhibition of amjdase acmfity by fluondes has been reported 
(28, 29, 30), the more comnncmg mvestigations of McClure (31) 
showed no such enect ^McClure found that the addition of from 0 76 
to 760 ppjn or fiuonne to the sahva did not afiect its enzymatic 
actiiTtj- and that there was no difierence m the amylohdic activity 
between the sahvas of children dnnkmg water containing 1 S p p m 
or fluorme and those usmg fluorme-free waters 
The action of bacteria m fermentation could be weakened either by 
reducmg the bacterial population or mterfermg with the actixnty of 
the organisms regardle^ or their numbers Experiments directed 
towards exploring this first possibihty* have not gi\en definite results 
Bunting el al (6) mvestigated the bacterial flora of children of ilmark, 
Bhnois who were receunng a fluonne-contammg d rinkin g water. 
They concluded that Tiactenal cultures taken from the group did not 
show correlations with the actixaties of dental caries as is found in other 
commumties ’ So rar as can be seen from their results, the dexnations 
which normally occur are not m any one direction More recently, a 
comparison was made (10) of the occurrence of L. acidophilus m 
children usmg a low (Qumcy, Ilhnois) and a high fluorme (Galesburg, 
Blmois) dnnkmg water It was found that 52 per cent of the former 
children had aadophilus counts of 30 thousand or over, while onl 3 ’ 15 
per cent or the latter had counts of this magmtude Hamson (32) 
showed that m rats receixmg fluorme only 1 per cent of the oral flora 
was lactobaciUi as compared with 18 per cent m those receivmg no 
fluorme The streptococcal coimt was not afiected sumlarty The 
significance of these findmgs is doubtful because the reduced lacto- 
bacilh counts are probably the result of the observed reduction m 
the numbers ot camties m the fluorme groups Any conclusions 
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drawn are also weakened by the failure in the human studies to 
consider adequately acidogenic organisms other than lactobacilh 
e other possibihty that fluorme might affect acid production m 
the mouth by limiting the action of bactena rather than by reducing 
eir numbers has been mvestigated by Bibby and Van Kesteren (33) 
y companng the bacterial counts and the acid production of vanous 
ypes o mout orgamsms, they estabhshed growth curves and acid- 
p o uction curves It was found that concentrations of only two 
par s per milhon of sodium fluoride reduced the rate of acid produc- 
on an that this effect mcreased proportionally with the mcrease 
n concentrations of fluonde In spite of the marked effects on acid 
pro uction, the rate of multiphcation of the orgamsms was not 
i^uenced until fluorme concentrations (250 to 500 p p m ) far beyond 
t ose which occur m the mouth were reached It was observed that 
enta tissues obtained from rats fed high fluorme diets also reduced 
t e amounts of aad produced by oral micro-orgamsms and that enamel 
and dentm on which fluorme had been adsorbed by brief exposure to 
fluonde solutions manifested a sunilar mhibitoiy effect 
While the above results seem very significant, it should be pomted 
out that most of the effects were observed m systems where fluorides 
were constantly present and consequently cannot be apphed exactly 
to the conditions found m the human mouth , that is, unless the sahva 
were contmuaUy resecretmg the fluorme m concentrations equal to 
t at found m the drmkmg water Pre limin ary analytical evidence 
(_5, 26, 27) shows that this is far from bemg the case Clmical 
findmgs already discussed also mdicate that the effects of fluorine 
manifest themselves mdependently of the sahva Although it seems 
improbable that drmkmg water which is m contact with the mouth 
organisms for so short a penod of time could brmg about effects on 
bactena similar to those noted experimentally, the findmg that fluo- 
rosed teeth or fluoride-treated enamel and dentme do inhibit acid 


production mdicates a manner by which fluonne may contmuously 
prevent acid production on the tooth surfaces Miller (18) has sug- 
gested that fluorme may be concentrated m the bactenal plaque on 
the outside of the teeth, thus preventing acid production at that site 
As yet, however, there is no direct evidence to show that this does 
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occur and since fluorine combmarion Tnrii the tooth itself provides 
an equally sound explanation, it seems likely that the ettects observed 
by Mfller could have been brought about m the latter ■way. 

Tooth Resistance 

Two mechanisms can be jiostulated by ■which fluorme might add to 
tooth resistance One is that it ma3' act m some 'waj* to mcrease the 
abfliu* of the tooth to repair or replace enamel and dentm ■which are 
bemg destroj'ed b3' canes, the other is that it adds to the power of the 
tooth passivel3" to resist the process of canes 
There is no exndence to suggest that the former or vital 13^)0 of 
reaction is augmented m an3' ■wa3' other than a few as 3-et unconfirmed 
suggestions b3' Fmn and Morgareidge (341 that fluorme is necessaiy^ 
for optimal phosphorus metabolism (The possibiht3- that a mtal 
response 01 the sahx*a ma3‘ aid m the repair of canes has to be kept m 
mind, but discussion of that possibihtA’ is not m place here ) The 
latter possibOitx- is supported b3' a vanet3' of emdence 

WTule actual experiments with enamel and dentm first led to the 
conclusion that fluorme added to the aad resistance of enamel, it is 
convement to consider findin gs from other fields first In work relat- 
mg to the utilization of rock phosphates as fertilizers, Maclntire, 
Harden, Oldham and Hammond ( 35 ) have mdicated that the solubihty 
of basic calaum phosphates, which hax e the same chemical composi- 
tion as morgamc tooth substance ( 36 ), is dete rmin ed b3' the fluorme 
content Similarl3" Jacobs ffill, Marshall and Re3'nolds ( 37 ) have 
shown that calaum phosphates containmg appreciable amounts of 
fluorme have a reduced atnc aad solubiht3' The analog3‘ to the 
situation which occurs m dental canes is obvious Volker ( 38 ) found 
that the teeth ■with a high fluorme content obtamed from rats fed a 
fluorme-nch diet were more resistant to the action or aad than those 
obtamed trom animals on a fluorme-rree diet Likewise the addition 
of fluorosed tooth substances to bactenal cultures caused a reduction 
m aad production The abo\ e findmgs indicate that mcreased 
amounts of fluorme m the teeth ■will mcrease their resistance to aad 
and hence to dental canes, a findmg m keepmg ■with clmical observa- 
tions and -Armstrong 5 demonstrafaon or a high fluorme-content m 
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the enamel of canes-resistant teeth C6nsequently, it is cogent to 
consider the mechanisms which may influence the amount of fluorine 
m the teeth 

There are at least three possible ways by which fluonne may reach 
the dental hard tissues These are 1) the mcorporation of the element 
during the period of tooth formation, 2) the contmuous deposit and 
consequent mcrement of fluorme m fully formed teeth as a result of 
its passage through the blood stream and pulp to the dentm and 
enamel, 3) a combmation of the enamel with fluonne brought in 
contact with the external surfaces of the teeth m saliva, dnnkmg water, 
or food 

The finding of higher fluorine contents m the teeth with mottled 
enamel (39, 40) resultmg from a high fluonne content m the drmking 
water, and the findmg of a high fluorme content on the teeth of popula- 
tions ingestmg much fluorme m their food (41) mdicate that the 
content of fluorme m the teeth is dependent upon the amount mgested 
durmg the penod of tooth calcification Animal experiments also 
ofller evidence to support this pomt Kick et al (42), Munoz (43), 
McClure (44), and others have shown a marked mcrease in the 
fluorme content of that portion of the rat mcisor formed durmg 
penods of high fluorme mtake That both the enamel and dentm 
are affected was demonstrated by Hodge et al (17) who found marked 
mcreases m fluorme m both tissues when rats were fed an excessively 
high fluorme diet Analyses by Bowes and Murry (40) and Armstrong 
and Brekhus (39) gave higher than normal fluorme values m both 
fluorosed human enamel and dentm TVflule the values of the two 
groups of workers are not the same, they reveal a relatively greater 
mcrease m the dentm than m the enamel It should be noted, how- 
ever, that m none of this work is there absolute proof that the high 
fluorme content could not be accounted for, at least m part, by a 
contmued mcrease m the amount of fluorme m the fully formed tooth 
It should also be borne m mmd that we are concerned particularly 
with the fluorme content of teeth m relation to canes resistance rather 
than mottlmg and that, smce the canes-preventmg action of fluonne 
IS equall3'^ as effective m non-mottled teeth, the foregomg observations 
on mottled teeth do not necessarily apply to the problem Several 
observations on teeth rendered canes-resistant by fluorme mdicate 
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that thi^ resistance nia\* be independent oi duonne deposited dining 
tooth formation Deaduous teeth trhich are protected from the 
efiects of fluorme dunng formation and consequent!}* do not show 
motthng, are nevertheless protected from canes (3). Buntmg el al 
(6) have noted that children mo\*mg mto areas with a high fluorme 
content m the d rinkin g water alter the age of ten when the most 
susceptible teeth have been lormed, have a resistance to canes equal 
to those usmg the water throughout life Dean (12) has made sim ilar 
obsen'anons Evidence of a diflerent sort appears in Che3*ne’3 (24) 
findin g that fluorosed rat molars have no added r^istance to espen- 
mental canes after the ration of fluorme is suspended The possibflity 
that the canes resistance of non-mottled teeth is dependent upon a 
post erupuve mcrease of fluorme is suggested b}* Armstrong’s (15) 
flndmg thatj unlike the dentin oi mottled teeth, the dentm of canes- 
resistant teeth had no more than the normal amount of fluorme, 
whereas the content of the enamel which could combme directly with 
fluorme trom the water or food is mcreased 

The possibiht}* that fluorme can be added to the tooth from within 
depends upon the existence of metabohc processes m the fifll}* calcifled 
tooth Early attempts to demonstrate such actimhes by means of 
stainmg and dimision experiments gave mcondusive results because 
only extracted teeth could be used for such tests and the methods 
employed did not give quantitative results The use of radioacuve 
isotopes oi such elements as phosphorus has made it possible to obtain 
much more adequate information on the min eral metabohsm of the 
teeth IJsmg radioactive phosphorus P-32, Heves}*, Holst and Erogh 
(45), and later LeFe\-re and Bale (46), have shown that, when this 
isotope IS fed m the diet, it is deposited m the dentm of fully erupted 
teeth Armstrong (47) has made similar observations m adult cats 
and nnds that the marked phosphorus reachmg the enamel is 6 7 to 10 
per cent of that occurrmg m the dentm Volker and Sognnaes (4S) 
ha%e connrmed these nndmgs They ha\e also shown (48) that the 
phosphorus excha n ge m the outer part of the enamel is greater than 
that m the inner portion While it cannot be assumed that fluorine 
would be earned mto the dentm and enamel m the same way as 
phosphorus, similar expemneatal procedures are needed to establish 
the extent to which fluorme is added to the fully lormed tooth In- 
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the enamel of caries-resistant teeth C6nsequently, it is cogent to 
consider the mechanisms which may influence the amount of fluorine 
m the teeth 

There are at least three possible ways by which fluorme may reach 
t e ental hard tissues These are 1) the mcorporation of the element 

urin^ the period of tooth formation, 2) the continuous deposit and 
consequent increment of fluorme m fully formed teeth as a result of 
its passage through the blood stream and pulp to the dentin and 
enamel, 3) a combmation of the enamel with fluorme brought m 

contact with the external surfaces of the teeth m saliva, drinkmg water, 
or food 

The findmg of higher fluorme contents m the teeth with mottled 
enamel (39, 40) resultmg from a high fluorme content m the drinking 
water, and the findmg of a high fluorme content on the teeth of popula- 
tions mgestmg much fluorme m their food (41) mdicate that the 
content of fluorme m the teeth is dependent upon the amount mgested 
dunng the period of tooth calcification Anim al experiments also 
oflter evidence to support this pomt Kick ei al (42), Munoz (43), 
McClure (44), and others have shown a marked mcrease m the 
fluorme content of that portion of the rat mcisor formed durmg 
penods of high fluorme mtake That both the enamel and dentm 
are aflected was demonstrated by Hodge et al (17) who found marked 
mcreases m fluorme m both tissues when rats were fed an excessively 
high fluorme chet Analyses by Bowes and Murry (40) and Armstrong 
and Brekhus (39) gave higher than normal fluorme values m both 
fluorosed human enamel and dentm While the values of the two 
groups of workers are not the same, they reveal a relatively greater 
mcrease m the dentm than m the enamel It should be noted, how- 
ever, that m none of this work is there absolute proof that the high 
fluorme content could not be accounted for, at least m part, by a 
continued mcrease m the amount of fluorme m the fully formed tooth 
It should also be borne m mmd that we are concerned particularly 
with the fluorme content of teeth m relation to caries resistance rather 
than mottlmg and that, smce the caries-preventmg action of fluorme 
is equally as effective m non-mottled teeth, the foregomg observations 
on mottled teeth do not necessarily apply to the problem Several 
observations on teeth rendered canes-resistant by fluorine mdicate 
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almost complete substitution ot all the hydroxyl ions of bone by 
fluorme to give a fluorapatite This has been suggested as the 
mechanism which accounts for the extremely high fluoride content 
of fossilized bones The rapidity of the reaction between fluonde 
and bone is mdicated by the effectiveness of filters of pow dered bone 
m remo\mig excess fluorme from dnnkmg water as demonstrated by 
Srmth and Srmth (53) H^-droxjdapatite and calcium phosphates 
have also been shown to combme actively with fluorides by MacIntyre 
and Hammond (54) and Adler, Klem and Lmdsay (55), respectively 
Previous researches ha\e shown that the basic morgamc molecules 
of tooth, bone and phosphate rocks are essentially the same (36) 
This suggests that fluorides would react with enamel and dentm m 
the same way that they do with the other basic calcium phosphates 
Such a reaction has been demonstrated by Volker (56) who, usmg 
reduction m acid solubility as an mdication of the fluorme combma- 
tion, tound up to 50 per cent reduction m the solubilities of enamel and 
dentm after a few mmutes treatment with sodium, potassium, am- 
monium or calaum fluoride solutions The change produced m the 
dental tissues seemed to be a permanent one as would be expected 
m view of the fossihzation of bone By usmg radioactive fluorme, 
Volker, Hodge, Wilson, and Van Voohhis (57) demonstrated that the 
combmation ot fluorme with tooth substance obeyed Freundhch’s 
equation for a true absorption This findmg does not necessarily 
rule out the possibflity suggested b}’^ Ercoli (58) that the fluonde ions 
replace the phosphate ions m the calaum phosphates It is mter- 
estmg to note that enamel and dentm treated with fluoride solutions 
nere more resistant not only to destruction by orgamc acids (56) but 
also to destruction by bacterial cultures (59) Apparently, suffiaent 
fluorme was taken up to exert defimtely inhibited effects on the 
bactenal metabolism 

The rapidity with which fluorme combmes n ith bone, as mdicated 
by the effectiieness of the bone filter m removmg fluorides Irom 
runmng water (53) and the speed of its reaction with enamel and 
dentm as demonstrated m Volker’s tests (56), suggest that the fluorme 
ot dnnkmg water maj combine directly with the enamel ot the 
teeth while the water is m contact with the teeth This possibilitj'- 
recen es support m the observ^ation that the effects ot fluorme m the 
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^rect evidence that fluonne does pass into the dentin is found m 
bognnaes (22) experiments with rat caries He found that desah- 

ate rats fed fluorme by a stomach tube showed less destruction of 
the dentm than those not receivmg such treatment and mferred that 
t s in cated an augmented resistance of the dentm brought about 
conveyed into the dentin by way of the blood stream 
* c lure (4-1) has shown that the bones contam much more fluorme 
t an the teeth and beheves that fluorme fed m the diet is first deposited 
m the bones Our (27) experiments with radioactive fluorme have 
confirmed this and show that per gram of tissue the uptake of fluorme 
in the bone is approximately three times that of the fully formed teeth 
Consequently, to add to the fluorme content of the teeth post-erup- 
tively, it would be necessary to bnng about a great mcrease m the 
bone fluonde 

In view of Armstrong’s (15) findmg that the enamel of canes 
resistant teeth contamed mcreased amounts of fluorme while the den- 
tm did not, the possibility that fluorme may be added to the tooth 
by contact with fluonde-contaming solutions deserves consideration 
Fluorme m the sahva or water could combme with the enamel or 
dentm either if there were the passage of morgamc ions mto the tooth 
from the outside or if the fluonne had a special affinity for tooth 
substance resultmg m adsorption or chermcal combmation While 
clmical observations have led Andresen (49) and others to suggest 
that enamel is remmeralized,” there is no satisfactory experimental 
evidence to show that enamel does take up morgamc elements from 
its environment The only positive evidence of this is Volker and 
Sognnaes demonstration (48) that radioactive phosphorus appears 
m greater concentrations on the enamel surface than m the middle 
layers of the enamel Additional support for this belief may be 
found m the P 32 adsorption studies of LeFevre and Levy (50) and 
Armstrong (51) 

The possibihty that fluorine has a special a ffin ity for tooth sub- 
stance rests upon another foundation The active combmation of 
bone with fluorme was demonstrated by Carnot (52) who found that 
bone exposed to dilute fluoride solution for five months showed an 
mcrease m fluorine content from 31 parfs per 100 to 4 74 parts per 
100 It IS mterestmg to note that theoretically this represents an 
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Attempts to alter canes resistance by contmuous ingestion ot small 
doses of fluorme are subject to aU the difficulties of establishmg safe 
and e5ecti\e fluorme dosage ilore important than this, however, 
is the tact that as yet there is no justifiable theoretical background 
to suggest that such a procedure might reduce dental canes There 
IS no e\-idence to mdicate that the destructibihty of the formed tooth 
can be significantlj’^ changed to suggest that the mmeral metabolism 
might influence tooth resistance by way ot the blood stream and the 
pulp or through the sahva 

An approach towards canes control by changmg tooth resistance 
and madentallj* weakemng the attackmg processes of canes by the 
use of local apphcations of fluonde to the fully formed tooth seems 
to offer the greatest hope of pro\'idmg a practical method Such a 
procedure could avoid the possible complications resultmg from m- 
gestion of the fluondes, either by harmg treatments with relativelj- 
strong fluonde solutions earned out by dentists as part of the pro- 
cedure ot dental prophylaxis or by usmg weak solutions as mouth 
washes or dentnlnces ^Mule until now it has lacked scientific 
reason, the latter idea is not new Before the turn of the century 
Denmger (63) advocated the use of, and had a patent on, fluorme- 
contaimng dentitnces Recently, Atkins (64) has employed a solution 
of 5 p p m of sodium fluonde as a dentifnce The effectiveness of 
such procedures has not yet been established, and ments an extensive 
tnal under well controlled dimcal conditions 
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prevention of dental canes are most marked m the upper antenor 
teeth which have the greatest contact with dr inkin g water The 
mcrease of fluorme in enamel but not dentm of caries-resistant teeth 
urther bears it out The demonstration of an mcreased fluorme 
content of the enamel of antenor teeth as compared with postenor 
teeth without correspondmg increases of the dentm would fairly 
conclusively estabhsh direct combination with fluorme as the mecha- 
nism by which tooth fluorme and tooth resistance are mcreased 
Studies with experimental rat canes further mdicate this possibihty 
It was mdicated by Cheyne’s lindmg (21) of a caries reduction in 
desalivated rats, the teeth of which were formed before the fluorme 
supplements were added Sognnaes (22) obtamed preliminary evi- 
dence that applications of fluondes to rat molars, under conditions 
which prevented its mgestion, retarded the progress of canes 

m POSSIBLE THERAPEUTIC USE OE FLUORINE IN DENTAL CARIES 

The above considerations naturally lead to the question of the 
possibility of usmg some tjqie of fluorme therapy as a means of pre- 
venting dental caries That this rmght be accomphshed, by the 
incorporation of fluorme mto the tooth durmg calcification, was sug- 
gested as long ago as 1892 by Cnchton-Brown (60) However, m 
the discussion of the mode of action of fluonne, it has already been 
pomted out that resistance to canes does not seem to depend upon the 
laymg down of fluorme m the formmg tooth Even if this were the 
case, it would be difficult to work out a practical method, for sig- 
nificantly raismg the fluonne content of the teeth First, it is very 
doubtful whether efltective amounts of fluorme can be transferred 
across the placenta or m the maternal milk to reach the calcifymg 
deciduous teeth Second, there is the possibility, particularly as far 
as the permanent teeth are concerned, that any attempt of this sort 
rmght result m unsightly mottlmg of the enamel While the addition 
of optimal quantities of fluonne to the water (Cox) (61) appears 
simple, vanable conditions m different locahties, diff erent water 
compositions, the effects of food cookmg (62), and as yet unknown 
influences of other water constituents would all have to be controlled 
to make such a procedure practicable and safe Elmdred problems 
appear m any attempts to admmister fluorme by other methods such 
as by capsules or m the food 
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Wdtl^in, MassachuscUs 

HISTORY 

Fa\nsni 13 certainly a very old condition The writings of antiquity 
contain frequent allusions to the manifestations and prevalence of this 
illness The first d efini te reports go back earher than the 5th century 
B C Historical research (4, 40, 75) leads to the conclusion that it 
formerly had a very wide distribution m the Mediterranean Basm 
The first really saentifi.c studies ot this condition were begun, however, 
m 1S56 (52) Smee that tune about 100 contnbutions have appeared 
m the Itahan hterature and a few others m the French, English, 
German and American hterature The complexity of the patho- 
genesis explains why until now no complete agreement has been 
reached as to the mechanism of the disease Great mterest attaches 
to the condition, on one hand due to its possible bearmg upon other 
hemolytic anenuas of more common occurrence, on the other hand 
due to the description of some cases in the Umted States 

DEFINITION 

The term favism is attributed to a chmeal syndrome caused either 
by mgesbon of the seeds, or by inhalation of the prmaples origmated 
m the flowers of Viaa Faba (commonly known as broad bean) ' 
The clmical picture is characterized chiefly by the sudden appearance 
of a hemoljtic attack, followed by hemoglobmuria, jaundice, and 
vascular sjmptoms 

' Former Professor of Mediane m the IJm\ersity of Femm, Italy 

- Strictly sp eakin g the term “favism” is improper, because ordmanly the sufioa “ism” 
connotes a well-defined poisonmg (morphinism, tabagism, alcoholism) Cause of the 
symptoms is here more complex. 
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personal obser\^ation (59) of a few cases of favism occurring m Sar- 
dinia, but m patients bom on the mainland and without Sardmian 
ancestrj- is, however, contrary to this view 

2 Family Quite frequently many cases occur among the mem- 
bers of the same family, as Macaotta (64), Piana (91), Auricchio 
(4), hlcCrae and UUery (77) observed In some famihes under 
my observation (59) all members had suffered from favism at one 
time or another 

3 Environment The environment has a defimte relation to one 
of the chief dimcal syndromes of favism, namely that caused by 
inhalation Large fields m which the fava beans are cultivated 
constitute the usual surroundmgs m which the attacks take place, 
probably because the pollen is of a very sticky type and has no wide 
dissemmation On the other hand, attacks caused by mgestion may 
occur anywhere, bemg, however, more frequent where the custom of 
eatmg this vegetable frequently is most wide spread hloreover 
extensive areas of its cultivation may be important for the develop- 
ment of the sensitization, to be discussed below 

4 Season Attacks of favism caused by inhalation occur chiefly 
durmg the months ot April and hlay^ when the plants blossom 
Attacks of favnsm caused by mgestion may occur m any month 
2iIost of them, however, occur between hlay and August, when the 
seeds are fresh In later months of the year rare cases occur, usually 
showing a milder symptomatology, which are apparently caused by 
the mgestion of the dried seeds 

5 The plout The plant Viaa faba (called in Italian and Portu- 
guese “fava,” known m English as the “horse bean,” ‘ broad bean,” 
or “fava bean”) is undoubtedly the cause ot the attacks ^ Some 
authors (2, 31, 32, 69) are of the opmion that a particular toxicity 
of the Sardmian plant is responsible for the frequency of the disease 
m that region Two facts, however, disprove this hypothesis (a) 
Patients born and brought up m Sardmia may be subject to attacks 

* I am refemng here to the penod of blossommg of the plant m Sardima It is pos- 
sible that in other countries there is a shght displacement of this period Moreoier, as 
Parlato (132) states, late blossommg of some flowers occurs 

* The different names are apphed to different varieties of the plant. Fa\ a bean should 
be preferred, and apphed to frmts causmg the disease. 



230 


aldo luisada 


DISTRIBUTION 

The crease is chiefly present among the inhabitants ot the Italian 
Sardinia, where many thousands of cases occur every year 
it ess frequency it is evident m Sicily (mainly m the distnct ol 
ilessma), and, on the mainland, m some distncts of Calabna Iso- 
ated cases have been descnbed m contmental Italy, m the Greek 
^ an a, and m North Africa Up to the present only three cases 
have been reported m the Umted States (McCrae and UUery (77), 
utton (49), Campagna) * I beheve however, that m the United 

tates more cases will be recognized m the future, for the following 
reasons 

1 A large Mediterranean population hves m certain parts of the 
Umted States 

2 Fava beans are cultivated extensively in some States (mainly 
New York, New Jersey, Hhnois, California) 

3 They are a staple article of diet m the Umted States, bemg e\en 
imported as canned food from Italy 

Therefore many of the factors necessary for the occurrence of this 
disease are present 


GENERAL CLINICAL ASPECTS 

1 Race Some authors are of the opimon that a racial factor may 
explam the defimte prevalence of the disease on the island of Sardima 
The local population, numbermg about one milhon, possesses differ- 
ent racial characteristics from those of the people mhabitmg the mam- 
land These Sardimans (as well as some smaller groups m Sicdy 
and Calabna) seem to have kept the more ty'pical characteristics of 
the ongmal Alediterranean race It has been suggested that this 
fact would tend to account for the present localization of the disease 
which was so much more diffused m the past 

Confirmation of this racial theory has seemmgly been attamed b}' 
the observation that most of the rare cases of favism noted m con- 
tmental Italy have occurred m patients of Sardiman extraction My 

^ The case oi Dr T V Campagna of Boston (personal communication) is oi partic- 
ular mterest, as the patient, a 'woman of Sicflian descent, had the first attack in ifas^- 
chusetts 
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personal oLsorvatioii (59) oi a Istt cases of lavism occuning in bar- 
but in natients bom on ine mainland and tdthout Sardinian 
ancesti3' is, borrever, contrary to this vierr. 

2. Fai lUy. Quite frequently man3* cases occur among tne mem- 
bers oi ibe same famili', as Macdotia (64), Prana (91), Auriedrio 
(4j ATcCme and Tiller^' (77) observed In some families rmder 
m\- observation (59) all members bad sunered from fainsm at one 
time or anotber. 

3 nurfromim/ Tbe environment bas a deunite relation to one 
of tbe chief rlrnira.l simdromes of favism, nameli' tbat caused bj' 
inbalation Large nelds in vrbicb tbe fava beans are cultivated 
consntute tbe usual surroundmgs in vrKcb tbe artaebs tabe place, 
probabb' because the pollen is oi a verv' stieby type and bas no vride 
dissemmation. On the other band, attaebs caused bj- ingestion ma3' 
occur an3'vrbere being, boivever, more frequent vrbere the custom of 
eating this vegetable irequentl3- is most vdde spread Moreover 
extensive areas of its cultivation ma3- be important for the develop- 
ment oi tbe sensitiaation, to be discussed belotv 

4. Stjsjn Artaebs oi fainsm caused 03- mbalation occur cbied3'’ 
during the months of April and Ma3-^ tvhen the plants blossom 
Attaebs of favism caused b3' ingestion ma3' occur in an3' month 
Most oi them, borrever, occur betvreeu Ma3' and August, vrben tbe 
seeds are iresb In later months oi tbe 3'-ear rare cases occur, usuall3' 
sbomng a milder S3'mptomatolog3’, vrbicb are apparentl3' caused '03' 
tbe ingestion oi tbe dried seeds 

5. T]^ plzui. Tbe plant \uaa faba (called in Italian and Porra- 

guese fava,'’ bnovm in English as tbe horse bean, ’ * broad bean, ’ 
or fain, 'Dean ’) is imdoubtedly tbe cause o: tbe attaebs ® Some 
authors (2, 31, 32, 69) are of the opimon tbat a particuLar tovidty 
o: the Sardinian plant is responsi'ole for the irequenc3’ disease 

in that region Tfro facts, hovrever, disprove this b3-pothess: (a) 
Patients 'txim and 'Drought up in Sardinia ma3'' be subject to attaebs 

sme ,11 ct:i£r t:L=rs ,3 ct Uus piJrd. is 

(132) sr - t e s , elns.-,.-.— -g ci se—s 

_id — jp — £d to tir es « -v7s i 'g t2ie e iSjc.sg. 
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in any country, upon ingestion of seeds of local cultivation, {b) 
Extracts of foreign seeds produce in Sardinian patients exactlj the 
same skin reactions as those of the native seeds My researches 
(59) have shown that the leaves contam some of the active principle, 
and that exceptionally they also may cause chmcal symptoms It 
IS interestmg to note that no correlation exists between the amount 
of the active prmciple mgested and the seventy of the attacks 

6 Parasites By analogy with other chmcal syndromes Lusena 
(68) has suggested that parasites of the fava beans may be responsible 
for the disease The researches of my associates and myself (58, 
59, 60, 86, 87, 88, 89), however, deny this possibihty Certam 
parasites are often present on leaves, others very mconstantly on 
fresh seeds, and others very often on dned seeds The extracts of the 
parasites of dned seeds show some activity as allergens, if tned on 
the skin of patients, but this does not seem very important m the 
pathogenesis of the disease, as wiU be explamed later 

An extensive toxicologic study on aU parasites of the plant was 
accomphshed by Tocco (100) with no conclusive evidence presented 
as to their role m favism 

CXINICAL FE STOKES OF THE ATTACKS 

Two chief types of attacks may be observed (1) that caused by 
inhalation, (2) that caused by mgestion The former occurs when 
the patient inhales the poUen of the flowers, and more rarely when he 
inhales the emanation of the leaves or that of the seeds durmg or 
after cookmg 

Inhalation of the active prmaple (probably pollen) occurs durmg 
a walk m, or near, the fields where the plants are cultivated, when 
they are m bloom The small amount of poUen hberated, its high 
specific gravity, and its sticky quahty may account for the rare oc- 
currence of attacks caused by inhalation withm the towns, even dur- 
mg the bloommg season 

The attack caused by mgestion occurs chiefly after eatmg either 
raw pods or raw fresh seeds It may be due to mgestion of fresh 
seeds mcompletely cooked (either broiled or fned), and more rarely 
to cooked dried seeds Sometimes mtake of a very small amount o 
fava protems is sufficient to brmg about an attack 
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I recall one case in a child of 5 years under my personal supersn- 
sion, m irhich the histoiy- shoiced that mtake ot a smgle seed was suf- 
hcient to provoke the characteristic sAmdrome Another interesting 
example of the above is brought to mmd m another ot my cases m 
which simply drinking water from a contamer m which fava leaves 
had been kept for some time resulted in the occurrence of tj-pical 
mamfestations This patient illustrated another curious possibil- 
itx-, m that mgesuon of goat s milk, alter the goat had been fed fava 
beans, produced a Typical attack !Milk obtained from the same 
goat fed the usual goat’s fare (which, of course precluded fa\-a beans) 
was absolutely detoid of any pathogemc propeny 

Of 1211 cases, reported b\- Fermi (35), 38 percent of the attacks 
were caused by mhalation, and 62 percent b 3 * mgestion As both 
u-pes of attack show similar symptoms, thej- can be described to- 
gether 

Ecriy stage The nrst sjTnptoms may appear a few seconds after 
iiiJaJai’on of prmaples origmated m the dowers or plant of the 
fava bean Usuallj-, however, thej' occur later the time element 
vaiymg from a few min utes to some hours After 'itgest on of fava 
beans there is a longer delat* from 5 to 24 hours 

In the sudden attacks, chieflj* caused b\' inhalation the first symp- 
toms are those of a dizzy spell, sometimes reachmg the stage of a 
collapse. ^lore usually malaise, headache, dizziness and nausea 
appear gradually Then repeated yawmngs, vomiting, chill, pallor, 
pam m the lumbar region are followed by a marked rise of the tem- 
perature 

Tic ct'ack Later the more specific symptoms appear, and are 
characterized by two chief features hemoglobmuria and icterus The 
succession or signs may vary asAo the tune oi onset Appearance of 
hemoglobmuna occurs between 5 and 30 hours, the shorter period 
bemg assoaated with the inhalation the longer with the mgestion 
attacks The unne shows then a change m color mrymg from red to 
black Alter a few hours the jaimdice appears and reaches a \ery 
intense stage It is accompamed by an enlargement of the hver and 
spleen The heart is dilated, and functional murmurs become evi- 
dent The fever is mconstant and irregular It reaches 101-103'’ 
in the first day then either becomes remittent or mtermittent, some- 
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^ any country, upon ingestion of seeds of local cultivation, (i) 
xtracts of foreign seeds produce m Sarduuan patients exactly the 
same skin reactions as those of the native seeds My researches 
) ave shown that the leaves contam some of the active principle, 
an that exceptionally they also may cause climcal symptoms It 
IS mterestmg to note that no correlation exists between the amount 
of the active prmciple mgested and the seventy of the attacks 
6 Parasites By analogy with other clmical syndromes Lusena 
(68) has suggested that parasites of the fava beans may be responsible 
for the disease The researches of my associates and myself (58, 
09, 60, 86, 87, 88, 89), however, deny this possibdity Certam 
parasites are often present on leaves, others very mconstantly on 
fresh seeds, and others very often on dned seeds The extracts of the 
parasites of dned seeds show some activity as allergens, if tned on 
the skm of patients, but this does not seem very important m the 
pathogenesis of the disease, as wiU be explamed later 
An extensive toxicologic study on all parasites of the plant was 
accomphshed by Tocco (100) with no conclusive evidence presented 
as to their role m favism 

CLINICAL FE-iTURES OE THE ATTACKS 

Two chief t 3 ^es of attacks may be observed (1) that caused by 
inhalation, (2) that caused by mgestion The former occurs when 
the patient inhales the pollen of the flowers, and more rarely when he 
inhales the emanation of the leaves or that of the seeds durmg or 
after cooking 

Inhalation of the active prmciple (probably pollen) occurs during 
a walk m, or near, the fields where the plants are cultivated, when 
they are m bloom The small amount of pollen hberated, its high 
specific gravity, and its sticky quality may account for the rare oc- 
currence of attacks caused by inhalation withm the towns, even dur- 
mg the bloommg season 

The attack caused by mgestion occurs chiefly after eatmg either 
raw pods or raw fresh seeds It may be due to mgestion of fresh 
seeds mcompletely cooked (either broiled or fried), and more rarely 
to cooked dried seeds Sometimes intake of a very small amount of 
fava protems is sufficient to brmg about an attack 
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75) The smears show amsocytosis early occurrence o: many reticu- 
lated cells (30 to 60 per cent') polychromatophilic cells, and er^thro- 
blasts. Some red cells mth basophilic granules may be seen also, 
as trell as hemocytoblasts 

The red blood cell resistance to saline solutions may be slighdy 
diminished at the beginning of the attack according to Macciotta 
(64) Manai (75). and MacCrae and Ulleiy (77), but later is usually 
normal or e\en increased, according to Gasbarrmi (40), and 
Manai (75) 

There is a marked leucocjnosis during the nist 6 to 7 days. This 
occurs chiedy in children in whom it reaches the ngure of 10 000 to 
40 000 per cubic millimeter The leucocjnosis subsides with the 
end of the hemoglobinuna according to Tilia (37). Macciotta (64), 
Auncchio (4) and Chiem (20). Manai (75) found m the dicerential 
count three successive stages, (c) slight increase in the neutropiules; 
(o) increase m the hanphocytes. sometimes accompanied by mono- 
nucleosis often by eosmophilia. (c) normal percentage of neutrophiles 
and hanphocytes but often mononucleosis and eosinophiha. The 
author does not state the exact time relanonship between the three 
phases but it may be deduced irom his records that the\' follow each 
other withm 5 to S days 

The blood platelets were found mcreased during the attack by 
Manai (75) MacCrae and LTlerj* (77) foimd reduction of the plate- 
lets at the beginmng an mcrease later in the attack 

Tt c 'irlnc Oiten only a few hours after the beginning of the at- 
tack the unne contains a large amount of hemoglobin which con- 
tinues to be present for 1 to 3 days If the hemolytic process lasts 
longer the patient usually dies Consequently accordmg to Manai 
(75') a more prolonged hemoglobinuria is ne\er observed. Spectro- 
scopic studies show the presence of ox>nemogloDm and also methemo- 
globin the percentage of which ranges between 0 05 and 0 9 percent 
(Zoia (105) Gasbarrmi (40)) During and after the hemoglobmuria 
a large amount oi urobihn may be found in the urine. Bilicx\- salts, 
on the contrary, are always absent. 

-■Mbummuna irom 0 01 to 0 2 percent is irequentiv present durmg 
the attack The unne shows an upper layer containing the nig- 
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times simulatmg the fever of a malanal attack Cases resulting in 
fatahty show either a sudden rise or a sudden drop of the temperature 
]ust prior to death The s kin of the patient is not only yellow, due 
to the jaundice, but extremely pale, assummg therefore a typical 
pale-green color Itchmg and bradycardia are absent 

Course of the attack The typical attack has a duration of 2 to 6 
days In fatal cases, more frequently children, death occurs within 
the first 2 days, rarely durmg the 3rd day When the patient re- 
covers, hemoglobmuna and fever termmate after the 5 th to 6 th day 
The jaundice lasts longer and is followed by anemia, which some- 
times IS qmckly compensated, but in other mstances is stdl present 
after one month 

Blood -picture Many studies have been undertaken of the blood 
picture durmg and after the attack, m order to clarify its cause and 
mechamsm It seems that the phase of hemoglobmemia is very 
transient, as only Biddau (16) has been able, qmte recently, to detect 
the occurrence of hemoglobm m the plasma * Durmg the jaundice 
phase, the color of the serum is greemsh-yellow, owmg to the presence 
of bihrubm The proteic quotient was found by Macciotta (64, 65) 
to be mverted The coagulation tune, bleedmg tune, and coagulum 
retractihty were found to be normal by Manai (75) The blood cal- 
cium and magnesium values were found to be lowered or normal, 
blood glucose was sometimes mcreased (70, 75) The blood unc 
acid was foimd to be lowered (70, 75) The blood potassium may be 
even tripled durmg the attack, m contrast with a lowermg of sodium 
by as much as one-haK of the normal value (70, 75) The blood serum 
obtamed durmg an attack and mixed in vitro either with normal red 
blood cells or with the red blood cells of the patient does not cause 
hemolysis The Donath-Landstemer^test was found to be negative 
by Gasbarruu (40), MacCrae and UUery (77), and Hutton (49), 
m spite of a contrary report by Frongia (38) Cholesterm is low 
m the blood accordmg to Giam (44) Durmg the attack the number 
of red blood cells dunuushes, so that the count often is less than 
1 miUion, but more usually from 1 to 2 milhon per cubic miUimeter 
Some authors claim that the color mdex is frequently lowered (72, 

® New studies with improved tedimque should be done m order to clarify this pomt 
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POST-HOaiEil EXAitDTA'nOX 

Autopsy rCDorts of only three cases have been pubhshed up to novr 
by Gasbarrini (40) Lunghetti (67) and Guccione (48) The chief 
lesions obseived were the following. 


1. Either a status lympaticus (Gucaone), or chronic lesions of the 
Iwer and spleen (Gasbarrini), or a multiple -insceral sclerosis (Lun- 
ghera) 

2 Some degenerative lesions of the nervous centers, of the kidneys, 
and of the hver 


3 Acute inflammation of the gastro-mtestinal tract and of the bronchi. 

4 Intense reacnon of the reticulo-endothehal system and normo- 
megaloblastic hyperplasia of the bone marrow 

5 Acute sw ellin g of the spleen, accumulation of white cells m the 
capillaries of many organs, perivascular lymphocytic infiltrates, 
venous thromhi. 


Gucaone (48) finds many analogies between the last two groups of 
lesions, which seem more connected with favism, and those found m 
pauents dead after malarxai or auimne hemoglobmuna, as described by 
Tliemann (144), as well as m animals which have died as a result of 
experimental anaphylaxis (Cesaris Demel (113)) 

P.tXHOGEXESIS 

Three theones have been advanced for explaining favism: the infec- 
tious or parasitic, the toxic, and the allergic theory 

ECEECTIOtrS oa P-ARASmC THEORY 

This concept was advocated by Cipnani (22, 23), who suggested 
the possibOi^- of some hackery itr. acting either when the plant blos- 
somed, or when the seed was stfll quite immature. De Semo (23) 
quotes some botanists as attributmg favism to a/'o.gux livmg in the 
seed of fam beans Grande (47) belie\ ed that he had succeeded in 
isolating a hac’Uus from the unne of a case of favism E\ery sub- 
sequent research in this direction, however, has yielded negati\ e re- 
sults (see Manai (75)). The parasifac tneory has been discussed 
again more recently by Lusena (62, 63) and by Tocco (lOO) but from 
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ment, and a lower layer which is granular In this sediment are 
frequently observed hyaline, granular and sometimes epithehal casts, 
whose granules show a positive chenucal reaction for iron In the 
unne of some patients red blood cells have also been observed by 
Macciotta (64), iIcCrae and Ullery (77), and Hutton (49) 

Tlie stools Diarrhea is often present, but more frequently m the 
mgestion cases The stools show usually an mcrease m the percentage 
of stercobihn (Manai (75)) and may show evidence of blood, as m 
the case reported by Hutton (49) 

CLINICAi VARIETIES OF ATTACKS 

Manai (75) describes ambulatory, mild, severe, and very severe forms 
The very severe forms may be subdivided, dependmg upon the pre- 
dominant condition, mto comatose, hemorrhagic, lightning-like, and 
amine 

Manai (75) also recognizes other forms which are of mterest The 
first of these is accompamed by urticaria, with severe itchmg, chiefly 
of the face and hands Another type is purely icteric, without any 
apparent hemoglobmuria, smee the hemolysis is much less severe 

In milder cases the jaimdice may even be absent, and the attack 
is revealed only by headache, dizziness, diarrhea, and by an mcrease 
m the excretion of urobihn and stercobihn Still milder forms are 
frequently observed m patients who have suffered repeatedly from 
typical attacks In some patients headache, dizziness, malaise, nausea, 
and low blood pressure may last a few hours only, thus exhibitmg a 
chiefly vascular picture (59) In others the chief symptom is head- 
ache, often assunung the characteristics of migraine A shght rise 
m temperature, leucopema with eosmophiha, and a dimmution of the 
platelets were observed by Manai (75) m many patients with milder 
forms 

Durmg the months m which the plant blossoms these milder forms 
are very frequent, disappearing somewhat later m the year 

MORTALITY 

Death occurs almost only m children. In these, however, the rate 
is fairly high, reachmg about 8 percent accordmg to Fermi (35) 
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proteins could act as allergens. The allergic theory was later ad- 
vocated alter esperimental researches by lotti and co-workers 
(5-r 55, 56, 57), from an anatomical standpomt by Guccione (48), 
from a rlimral \-iewpoint by Biddau (13, 14 15, 16), Gaspermi (42) 
Chiem (20, 21) Preti (95, 96 97) Manai (70, 71, 72, 73, 74, 75), 
Macaotta (64, 65 66), Auncchio (3, 4) ATacCrae and UUery (77), 
and Hutton (49) The latest mvestigations suggesting the correct- 
ness of this theoiy were accomplished bj* m\'self and m3* co-workers 
Pazzi and Rubmo (58, 59, 60, 86, 87, 88, 89) 

1. Expcriti.aJal ec denes for iJe allergic ileory 

Lotti and Alanai (56) sensitized rabbits b\' mtra\enous injections 
of extracts of dowers and seeds of iava beans A subsequent reactmg 
intravenous mjection was followed b3* attacks similar to those of man 

Hemoglobinuria was more easil3* provoked b3’ extracts of the dried seeds 
and comailsions by extracts of the dowers Sensinzanon with one of the 
extracts was followed b3- shock onl\' with a reacting injecuon of the same 
extract. Later Manai (75) succeeded m provoking attacks of hemoglobm- 
una b\- feedmg rabbits with fai-a beans and administering agam, after an 
meubauon period, the same substance, either b3* mouth or b3' injecuon 
In a later senes of researches, Manai succeeded m provokmg an allergic 
shock by nist inj'ectmg serum of sensitized rabbits, and later extract of 
fava beans He explained this phenomenon b3* assuming a passive trans- 
fer of sensitization from rabbit to rabbit. Much more recentl3' Piana 
(91) sensitized animak with extracts of fava bean pods. Three cubic cen- 
timeters were mjected subcutaneouslv- in rabbits at a single dose. A sec- 
ond injection performed 16 to IS days later caused attacks of hemoglobin- 
uria and death 'Ulthout a previous sensiri.zmg injection, a dose of 
extract five times larger failed to cause any trouble 

It IS m3' behei that some objections should be advanced to these 
experiments. One obstacle to experimental 3tud3* is that the prin- 
ciples of lava beans elumnated m the urine of rabbits often give posi- 
n\e reactions to guaiac and benzedme (Lotn and Maorii (56)) 
Consequentl3* ^ necessa r y* to evaluate hematuna bt* means of spec- 
troscopic anal3*sis a techmque which was not alwa3 s followed b3* the 
authors Extracts of fava beans possess a severe toxic action on 
rabbits, oiten causmg death 01 the animals at the hrst mjection Ex- 
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a somewhat different standpomt As a matter of fact the former 
suggested allergy to parasitic protems, the latter toxic action of para- 
sitic substances 


TOXIC THEORY 

This represents the oldest theory, but has been advocated even 
recently by some authors Their concept is that favism is a land of 
alimentary poisoning Some unknown poison, contained m the 
seeds and flowers, is capable of provokmg the attacks in sensitive 
people, even m a very small quantity Among the recent authors, 
Ferrannim (31, 32, 33), Atzem-Tedesco (2), Mameh Calvino (69), 
and Tocco (100), are the chief advocates of the toxic theory Fer- 
rannmi beheves that different kmds of fava beans may or may not 
contam the hypothetic toxic substance Mameh Calvmo descnbed 
a substance yieldmg some chemical reactions of cyanogenetic gluco- 
sides Tocco very carefully studied aU the parasites of the plant, 
fruit, and flower, companng the effects of the extracts on frogs Some 
facts, however, cannot be explamed by the toxic theory, for example, 
m inhalation attacks the amount of inhaled active substance is so 
small that, if poisonous, its action should be fatal for everybody 
Agam, attacks may occur m nursmg children without coexisting symp- 
toms m the mother Moreover, the alleged excessive toxicity of the 
Sardmian seeds is denied by the fact that people bom on that island 
may expenence attacks anywhere, after mgestmg fava beans grown 
elsewhere Skm tests on favism patients with extracts of fava 
beans grown m different countnes showed no difference m the mten- 
sity of the reaction (Pazzi (86)) 

ALLERGIC THEORY 

This theory is actually the most commonly advocated, and most 
logical Pesci (90) m 1921, observmg some similarity between favism 
and other paroxysmal hemoglobinunas, m which allergic mechanisms 
seemed to be demonstrated, was the first to advance this theory 
Lusena (62) confirmed this hypothesis by pomtmg out the short dura 
tion of the mcubation period, the innocuousness of the substance or 
most mdividuals, and the extremely small doses which may be su 
cient to provoke the attack He thought, however, that parasitic 
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too recent During an attack caused bj' inhalation, howe\er, positive 
gl-in reactions to fruit extracts might be present Old people showed 
po5iti\e reactions to these extracts more rarely than children and young 
people Extract of cooked seeds usuall}’^ gave a negative reaction m pa- 
tients showmg a posith e reaction to raw seeds 

(c) Extracts oiflcmers often gaxe a positi\e reaction m patients suffer- 
mg from inhalation attacks, but onl\' if the previous attack was, not too 
recent Dunng an attack caused b}’’ mgestion positive reactions to ex- 
tracts of flowers might be present 

(d) Reactions to leases were much rarer and weaker than to flowers, 
but were usually present m patients reactmg to the latter 

(e) A positive reaction to -parasites of dried seeds was present m some 
patients, usually adults or old people exhibitmg mild attacks The same 
was true for extracts of dried seeds containing parasites, but m a much 
greater percentage 

(t) Extracts of frmts grown m vanous countnes showed no appreciable 
differences 

These studies suggest the existence of different allergens and the 
possibility of either a simple, or ot a multiple sensitization Thus, 
durmg an attack the skin tests are usually negative for the allergen 
causing the attack (either flower or seed) , but extracts of other plant 
parts are still positive Dunng com alescence the test for the allergen 
causmg the attack graduall}’ becomes positive Qmte probably the 
allergens are tuo one is present m the pods and seeds of fava beans, 
the other m the flowers and, m much smaller concentration, m the 
leaves It is my opmion that they represent two kinds of differentia- 
tion from a fundamental smgle tj-pe of protem Drjmg of the 
seeds causes an attenuation of the antigemc properties, long cookmg 
a nearly complete denaturation ot them 

The allergen of the parasites seemed of no practical clmical im- 
portance, despite the tact that there may be some sensitization to 
their protem !Moreo\er, the possibflity that the reaction is due to 
bean protems contained m the digestu e tract of the parasites cannot 
be excluded 

Onlj^ the proteins of Vicia Jala seem able to provoke hemoglobm- 
una Thej' are present m e% ery part of the plant, attainmg, however, 
greater activitj- and slightly different character, both m the flowers 
and seeds 
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tracts of the flowers often give lesions of the hver A smgle injection 
of an extract of dried beans may cause hemoglobmuna Hemoglobm- 
una IS obtained much more easily by extracts of dned seeds than by 
those of fresh seeds This is m strikmg contrast to the clinical ob- 
servation that only fresh seeds cause really severe attacks of hemo- 
globmuna m man Moreover, hemoglobmuna may be provoked m 
rabbits not only by extracts of fava beans but also by those of hma 
beans, which never cause attacks m man Therefore, I beheve that, 
m spite of the fact that some of the manifestations shown by the am- 
mals were probabty allergic, others were probably of a toxic nature 
A more extensive study of plant allergens on various animal species 
closer to man would clarify this pomt 

2 Climcal studies 

Association between favism and some allergic conditions was de- 
scnbed by Auncchio (4), who noted favism m patients whose rela- 
tives suffered from urticana, bronchial asthma and hay fever The 
case of T V Campagna had allergic troubles caused by grass pollen ’’ 
Eosmophflia has been observed m patients some days after the attack 
by Macciotta (64) and Manai (75), and, m post mortem examina- 
tions, by Guccione (48) 

The first skm tests on patients by Manai (75), Chieffi (20), Biddau 
(13, 14), Gaspenm (42), and Hutton (49), gave imcertam results 
Intradermal tests gave a positive result m the case reported by Mc- 
Crae and UUery (77), but the mjected dose was exceedmgly high and 
no control is mentioned More systematic researches were accom- 
phshed by my co-worker Pazzi (87) He studied forty-four patients 
by means of skm tests with various extracts of flowers, pods, fresh 
seeds, leaves, dried seeds, and of the parasites of the latter His 
results were the followmg 

(a) A positive reaction to all extracts was never obtamed m patients 
durmg an attack, but was attamed a few weeks after the cessation of the 
attack The patients showmg reactions were susceptible to attacks either 
by inhalation or by mgestion 

(b) Extracts of fresh fruits often gave a positive reaction m patients 
suffermg from mgestion attacks, but only if the previous attack was not 


’’ Personal communication 
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of the P subatance in the urine of fava patients was thus demon- 
strated 

Espenments dealing with the “passive transfer of sensitizanon” 
from ttipti to rabbits seemed to Lotti and Manai (56 57) to jneld a 
positive result This kmd of experiment, however, may be cntiazed 
on the basis of species dirierence New researches were accomplished 
by my co-workers Paazi and Rubino (89), who mjected the serum 
of patients with favism either into the skin of normal persons (Praus- 
mtz-Rustner method), or mto the ears of normal rabbits (Lehner- 
Rajka method) A subsequent skin test with fava bean extracts in 
the mjected areas was then performed A local reaction was obtamed 
if serum of patients alreadj- convalescent, or for some tune prexfously 
without attacks, was employed Either a negative or a doubtful 
result appeared if the serum employed had been taken during the 
attack of ia\‘ism The same was true when P substance extract was 
used instead of bean extract in this type of mtradermal test These 
researches were later conhrmed by hlarciahs (76), who succeeded in 
obtaimng a ‘ passive transfer” employmg Waltzer’s techmque of 
feedmg normal children with fava beans, then performmg mtradermal 
tests with serum of fa\Tsm children 
In spite of the fact that manj’^ problems still require solution, the 
possibihty of an allergic mechanism in the pathogenesis of favism 
cannot longer be denied The existence of such a mechanism was 
still questioned in 1933 by Frugoni and ATeUi (118), who did not admit 
a ‘ speonaty of allergen,” namely that only fava bean proteins could 
cause hemolytic attacks alter sensitization and no other rbrnr^l 
picture An answer to this objection may be advanced by pomt- 
mg out that (1) Other vegetable proteins may cause hemoglobmuria. 
Some cases were reported by Fermi (35), one was clearly descnbed 
to me by a patient (59) (2) Fava beans may cause dmerent clm- 

ical pictures ^ 

In faxTsm a certam importance can be attributed to malaria. 
Nearly all people sunermg from favism haxe had malaria and have 
had malarial ancestors The relatio nshi p between favism and 

* Sons oi tosn -sere described t>j Mann (75) (mtrcarui, dmxbea, bsicsccs), oce Dj 
ICS (S9) (nsinse ccd cnrcUHTascuLir caH^pse), oce b. Paristo (132) Corocccnl asrcriia) 
Tb.s Icct mportmt oDservauan ■sns rmde n CsLionm. 
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of research was accomphshed by my co-^orker Pazzi 
C ; m an attempt to isolate the so-called P substance of Oriel m the 
urme of patients durmg attacks of favism 

This substance, a proteose, was described by Barber and Onel (107) 
as present in the urine of many patients with different allergic diseases, 
and wa§ extensively studied by Onel and his co-workers In several suc- 
c^sive contnbutions they reported the results of mtradermal mjections of 
su stance m normals and m persons with allergic conditions Later 
ey sensitized gumea pigs to the P substance of some patients, then tned 
on e ISO ted uterus the reaction to P substance from the same and other 
patients A shght skm reaction to P substance was present m all sub- 
jects owever, only allergic mdivuduals showed a defimte and intense 
reaction, with a maxim um m those exhibitmg sensitization for the same 

P^up o protems (group specificity), as evidenced by clmical signs and 
laboratory tests 

The P substance extracted by Pazzi from the urme of 7 cases of 
avism x\as tested m 19 patients with favism, with a positive result in 
nearly all for a dilution 1 10,000 Physiologic salt solution m patients 
with favism gave negative results No s km reaction was obtamed in 
patients sufifermg from other diseases Therefore the necessary con- 
trols were present. 

The piositive reaction obtamed m patients with favism was very 
evident and appeared withm five to ten mmutes and caused a wheal 
about 3 to 5 cm m diameter This “early reaction” may be foUowed 
by a late reaction, consistmg of progressive extension of the edema 
to a large area with very shght hypererma mvolvmg sometimes about 
two-thirds of the forearm This “late reaction” lasted from 12 to 
36 hours and is somethmg that appears to be characteristic of favism, 
smce it has not been described by Onel m his writmgs on asthma and 
urticaria A further study was made of the reaction to P substance 
from favism of the skm of normal people who had previously been 
submitted to passive transfer” by local mjection accordmg to the 
techmque of Prausmtz-K.ustner of the serum of patients who had had 
attacks of favism A positive reaction was obtamed m some of them 
Control tests with the P substance of favistic patients on a patient 
with pollen asthma who was mtradermally reactive to homologous P 
substance gave a negative result (Pazzi (86, 88)) The specificity 
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In 1914 Pesci (136) obser\ ed that during anaphjdactic shock a diminu- 
tion of the red blood cells occurred This was caused by hemolysis which 
contmued throughout the second day Shght anemia and hemoglobmemia 
were also described by Civallen (115) m 1916 m rabbits with experimental 
serum anaphylaxis Later on Bechhold (111) showed that not only differ- 
ent osmotic actions, but any physical or chemical change of the colloidal 
complex of plasma may provoke hemolysis Thus he demonstrated that 
any change affectmg the swellmg state of the three fundamental components 
of the red cells (proteic stroma, leathm, cholesterm) wiU cause hemol3'sis 
Micheh (129) m 1910 had already ad\’anced the theory that some kmd 
of auto-anaphj'laxis was responsible for the attacks of paroxysmal hemo- 
globmuna a fngore A few years later Widal, Abrarm and Bnssaud 
(147, 148) studied many cases of this disease Without denymg the chief 
facts ascertamed by Donath and Landstemer they tried to mclude these 
attacks m the large field of allergy They showed that often muscular 
pam and cramps, ]omt pains, nausea, vonutmg, itching, erythema, urticaria, 
and acute edema may be present durmg the attack A careful study 
showed further that when the patient is exposed to cold a senes of phe- 
nomena initiate the attack low blood pressure, leukopenia, mversion of 
the differential white cell count, decreased coagulation tune, faulty retrac- 
tion of the coagulum These changes constitute the so-called hemodasic 
crisis and occur at first, as a “plasmatic stage” of the attack In a second 
phase the red blood cells are attacked (“globular stage”), and the hemolysis 
occurs only m a thud phase 

The hypothesis of the French authors did not exclude the importance, 
either of syphilis, or of cold, but gave a different explanation of their 
action The former would be responsible for a more unstable plasmatic 
complex, the latter would modify some of the plasmatic components, and 
cause sensitization to them Repeated exposure to cold would be followed 
by shock, with dissociation of the plasmatic complex, and subsequently by 
hemolysis and hemoglobmuna 

These researches were confirmed by many authors (Ricaldom (137), 
^lontagnani (131), Schiassi (140), and others), who not only found new 
evidence supportmg the theory, but obtamed some good results m de- 
sensitizmg patients They often found the typical signs of hemodasic 
crisis and the subsequent stages of leukocytosis and eosmophiha A similar 
theory was adranced m the explanation of qumme hemoglobmuria 

FoUowmg these experimental and chnical studies Pesci (136) ad- 
v anced the hjqio thesis that the hemoglobmuna of favism shows only 
a marked mcrease of the phenomena occurring m every experimental 
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Other hemoglobinurias is shown by the observation of Pucci (98) 
and of Auncchio (4), and by my observation (59), of families m which 
many people had suffered from favism and from quimne hemoglobin- 
uria m different periods of their lives In my observations skm tests 
demonstrated sensitization to fava bean seeds 


It IS possible that a toxic element may be concerned m the syn- 
drome of favism The very small amount of protem necessary to 
produce an attack leads, however, to grave doubt as to this possi- 
bdity m man, even if fava proteins show an important action when 
mjected m rabbits 

Some pomts dealmg with the allergens, the predisposmg factors, 
the sensitization, the cause of the attacks, and desensitization have 
been discussed m detail m a previous paper on the subject (Luisada 


Sensiiizalion can occur m persons at any age It is, however, much 
more common durmg infancy, due presumably to the fact that moth- 
er s milk and goat’s milk may contain fava bean protems (Lui- 
sada (59), Frongia (38), Macciotta (64)), and possibly because the 
protective power of the hver is less developed A hereditary sensi- 
tization has also been suggested m favism and may be adrmtted as a 
distmct possibihty Accordmg to the views of Jordan (119) the 
habihty to react hypersensitively is transmitted m animals from 
mother to offsprmg, the young of actively sensitized gumea pigs bemg 
themselves h)rpersensitive The male does not transmit this quahty 
Accordmg to Coca (115) inherited hypersensitiveness may occur m 
human bemgs (atopy) Therefore this possibility which previously 
was presented as a purely theoretical problem, is now open for dis- 
cussion 

Desensitization occurs usually for a short tune durmg and after 
attacks Durmg this period patients can even mgest fava protem 
without new symptoms, as m Gasbarrim’s e^erunent (40), and skin 
tests, as well as passive transfer experiments are often negative 
Durmg life, if the patient survives several attacks, complete freedom 
from new attacks may develop spontaneously Even when this 
degree of unmumty does not occur, most patients have less severe 
attacks as they grow older 

The conception of an “allergic hemolysis” requues some further 
discussion 
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Jock Fava proteins, instead of acting primarily on plasma and 
tissues, would act directly on the red ceUs In the usual anaphylactic 
s 0 ' p ysical changes of the plasma would cause some hemolysis, 
in ayism more direct changes of the red cells would occur, causing 
therefore an extensive destruction of the red cells themselves 

urther studies are necessary for the complete explanation of hemo- 
o 0 munas Amongst them I beheve that those on favism will con- 
tnbute much to the clarification of the general problem of hemolysis 
Treatment Treatment of the hemolytic attack is very important 
smce this often endangers hfe and always causes severe anemia 
H3rpodermic injections of 10 cc of normal horse serum were tried 
by Fiha (37), Macciotta (64), Auricchio (4), Chieffi (21) with good 
results Association of horse serum and mother’s blood was employed 
m children by Cocchi (24) and by Chieffi (21) The latter and 
Auncchio (4) used m other cases only mother’s blood (10 cc by mtra- 
muscular mjection), and m some patients this treatment was asso- 
ciated with mtramuscular or mtravenous mjection of magnesium 
thyosulphate 10 percent The results seemed good Epinephrme 
mtramuscularly and calcium gluconate mtravenously were tned by 
AIcCrae and Ullery (77) and by Hutton (49) with good results 
Blood transfusion was tried also by them, and by Biddau (16) 
Spontaneous recovery of normal blood values foUowmg the termma- 
tion of the hemolytic process should occur unless inhibited by a pre- 
existmg nutritional anenua In any e\ent iron may be given, but 
hver therapy is not mdicated for any specific effect on blood for- 
mation 


Between the attacks many attempts have been made to avoid 
theur recurrence An old empiric method used in Sardmia is based 
on d rinkin g an mfusion of dried fava beans or rubbmg the skin with 
it If an allergic mechanism is present, this method would repre- 
sent an empiric attempt at desensitization, and the low activity of 
the dried seeds would make their use preferable Alore rational 
attempts at specific desensitization have been tried by Manai, but the 
results are not yet available Extensive research m this direction 
should be advised 


In the absence of a specific treatment, abstention from contact with 
fava protems, especially from April to August, is the most effective 
preventive measure 
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land in 1535 sullered from scurvy but did not recognize it as such 
It was recorded that m the month of December “an unkn own sickness 
began to spread itself amongst us after the strangest sort that ever 
was ej’ther heard or scene m so much as some did lose all their strength, 
and could not stand on their feete, then did their legges swel, their 
sinnowes shrinke as black as any cole Others also had all their skms 
spotted with spots of blood of a purple colour, then did it ascend up 
to their ankels, thighes, shoulders, armes and necks, their mouths 
become stmckmg, their gums so rotten that all the flesh did fall off 
even to the roots of the teeth which did almost all fall out W'lth such 
infection did this sickness spread itselfe m our three ships that about 
the middle of Februarj- of a hundred and tenne persons that we were 
there were not tenne whole so that one could help the other, a most hor- 
rible and pitiful case ” On this occasion a cure was discovered con- 
sistmg of a decoction of sassafras bark and leaves Vogel (168) 

In the 16th century treatises appeared on scurvy by Claus Magnus, 
Ronsseus, Echtius (the first physiaan to descnbe scurv>') and Vflerus 
The colonists m the northern part of Amenca were also afflicted with 
scurfy The French for mstance were reported to have met with 
such a mortaht}' during the severe wmters m Canada that they fre- 
quently debated abandoning this settlement This was true also of 
the English and then settlement m Newloundland Indeed it was 
scur%y that iorced the early settlers m Hudson Baj'- to discontmue 
then efforts to colonize that region George VTietstone, a soldier of 
tortune who in 1598 wrote one of the first works on tropical medicme, 
wrote of scur\y that “it is so ordmary at sea as it hath been seldome 
scene, any Ship or Pinnace to be foure months upon any vo 3 'age 
but some of the Companie have had this disease ” It might not be 
amiss at this pomt to note that the duration of time necessary for 
scuny to de\ elop on almost all these voyages was about four months 
In spite of the fact that Ronsseus m 1564 reterred to the use of scurvy 
grass, watercress and oranges as a cure for scurvy, antiscorbutics were 
not used to anj* extent until the ISth century* and scurvj' contmued 
to be accepted as one of the mevitable accompaniments ot hte at sea 
As a matter of fact, as Vogel (168) pomts out, ‘an extraordmary ex- 
periment m practical therapeutics as weU as a demonstration of saga- 
aous statecrait was m preparation when m February- 1600 Elizabeth 
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Alconolism 

Summary 

32S 

Witli the isolation and identification of vitamm C m 1933 the study 

ot scuny gained a new impetus In the next sixyears several hundred 

papers appeared m the hterature on vanous aspects of ascorbic and 

o sm This article, which reviews the present knowledge of 

scurvy, also mcludes unpublished studies on adult patients with 
scurvy 

The ongm of the word scurvy” is obscure and appeared m the 
nil e a^es as a folk-word (24) The first defimte description of 
scurvy is credited to Hippocrates He described a large number of 
rnen m the army who suffered with pams m the legs and gangrene of 
the gums which was accompamed by loss of teeth The next report 
o scurvy was by the crusaders Dunng the middle of the thuteenth 
century the soldiers under St Louis suffered from an epidemic which 
ey attnbuted to a speaes of eel they had consumed during Lent 
He Jomvfile, who accompamed the crusaders, m descnbmg this dis- 
ease referred to the hvidity’- and spongy condition of the gums often- 
times leadmg to gangrene necessitatmg cuttmg away the dead flesh 
m order to enable the people to masticate He also wntes of theu 
ebihty, their tendency to famt, and the black spots on theu legs (76) 
With the Renaissance and the development and spread of education 
scurvy was reported both on land and sea At sea, “until long voyages 
were undertaken so that crews had to remam for months out of contact 
TOth the shore, scurvy was not a menace to the marmer, but, foUow- 
ing the discovery of .\menca and the Indies, ships sailed to distant 
ports of the world and the disease had the opportumty to develop ” 
Ro mention is made of scurvy occurrmg m the voyages of Columbus 
but soon afterwards accoimts of scurvy filled the logs of ships on long 
voyages In 1497, while discovermg the passage to the Indies by the 
way of the Cape of Good Hope, Vasco de Gama lost 100 of his 160 men 
because of scun^y’’ ilagellan’s crew was riddled by “the Plague of the 
Sea and the Spoyde of Planners” In Lord .Anson’s cucumnavigation 
4 of his crew died as a result of scurvy’^ and m others old wounds re- 
opened that had been healed for many y^ears This is confirmed by 
some of our recent knowledge regardmg the role of vitamm C m wound 
healmg (96) Jacques Cartier’s crew on theu voyage to Newfound- 
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iortunatea iiad to srraHo’K’ a bolus the size oi a nutmeg oi a temhc 
electuary’ compound oi garhc, mtistard seed, radish, balsam oi Peru, 
and gum mvrrh three times a day. In six days the luck\' ones rrho 
had got the oranges tvere vrell enough so that one was able to return 
to his duty and his companion was able to nurse the other members 
oi the group The rest, except those who had received the ader, 
showed little or no improvement.” (16S) 

Sir Gilbert Plane emphasized the scourge oi scuivy and it was 
largely through his enorts that the British Admiral^ nnalh" agreed 
to the use oi antiscorbutics Plane, in addition, recognized the de- 
structive acnon oi heat on the antiscorbutic principle In 1795, due 
to his in^tence, lemon juice was made a regulation issue in the British 
£eet and aiter ten daia at sea each man recdved a duid ounce daili* 
(approximately 15 mg oi vitamin C). Xo regulations however, were 
instituted ior the merchant marine until 1S54 and 1S69. 

On land innumeraole epidemics took place in the ISth and 19th 
centuries Those which were not attributed to military hie or cam- 
paigns generally occurred in prisons, insane asylums, poor houses or 
houses oi refuge and correcdon Between 1556 and 1877, 143 land 
epidemics are described m the hterature Scurvy occurred extensively 
in the Crimean War, in our own Civil War, amongst the besieged in 
Paris durmg the Franco-Prussian War, and in the past World War. 
In the Russo-Japanese War, after the siege oi Port Arthur, it was found 
that about one-half oi the garrison oi 17 000 men had scurvy Scurvy 
has occurred in every land but has been pardcularh' prevalent in 
northern secdons where vegetadon is scaniv- It has occurred in 
epidemic form whenever the crop has failed, — in India, Arabia, Dutch 
Guiana, Ireland, and m the Umted States (76) 

Brown (20) in .4. Naturalist at the Poles ’ stresses that it was not 
chmate hut scurvy that gave polar regions their bad name. *At Cape 
Flora Dr Roetthtz was able ro prevent scurvv* because the leader and 
Stan followed his advice and lived chledy on bear meat and guillemots. 
Out nearly all the men on board the li^'indward sunered from scurvy. 
They hved on tinned meat, tinned vegetables and any amount of 
lime juice. ’ The only ones who escaped were mose who took bear 
meat whenever they could get it. lime juice long been looked 
on as an andscorbunc, out m Bruce’s exper.ence it was valueless with- 
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l^d the foundations for the British Empire m India by sending tour 
ps own the Thames as the first expedition of the newly chartered 
ast India Company There were the usual delays at sea and the 
usu^ outbreak of scurvy so that months later when the httle fleet 
rea e Tablp Bay, Cap tarn Lancaster of the Dragon after biingmg 
own ship to anchor, had to get out his boats and send men aboard 
ea of his consorts to do the like for them as their crews were too 
weakened by ^e disease to make the effort Of 278 men on board 
ese ships 105 died, the healthy condition of the Dragon’s men bemg 
ue to the fact that their farsighted commander had taken along a 
supply of lemon jmce and given 3 spoonfuls to each sador every morn- 
ing This IS evidence of the protective value of approximately 7 5 
mgm of vitamm C daily 

The crystallization of the theories of scurvy came toward the close 
of the 18th century when three great naval hygienists, James Lmd, 
Sir Gilbert Blane and Thomas Trotter of England, backed by the prac- 
tical expenence of a famous explorer, James Cook, msisted with such 
emphasis on the necessary reforms that the disease was finally brought 
imder^control Lmd’s “Treatise of the Scurvy” (100), which appeared 
m 1753, remamed the most comprehensive volume on the subject 
until Hess’ monograph m 1920 (76) Lmd beheved that scurvy was 
due to a combmation of factors of which the predommatmg was lack 
of fresh vegetables, but he also considered that exposure to cold and 
dampness was of great importance “As a result of many observations 
he convmced hi m self that oranges and lemons were the best anti- 
scorbutics, the former shghtly preferable, and he describes a practical 
experiment made on H M S Salisbury m 1747 He took twelve 
scurvy patients, m whom the disease was as similar as possible, kept 
them all together m the same part of the ship and on the same diet 
and tried on them the six different forms of treatment then m vogue 
Two of them were given a quart of cider a day, two others took twenty- 
five drops of ehxir of vitnol 3 tunes a day and also used a mouth wash 
acidulated with the same preparation Two more received spoonfuls 
of vmegar 3 times a day, havmg their gruels and other foods well 
acidulated with it as well as their mouth wash Two others were 
obhged to dnnk half a pmt of sea water daily. Another pair were 
given two oranges and a lemon every day and the remaimng two un- 



-OtXT Scrs-ST 


EXABOIXSII O? C 


257 


Another characteristic propert}’ oi active solutions vras thdr potrer to 
reduce a numher oi reagents- Bezssonon (15) lound that tne active 
agent reduced nhosohomolybdotun^tic acid. It reduced amm oni- 
p.-^l silver nitrate and decolorized potassium permanganate in the 
cold In 1950 (163) the redos d 3 -e, 2-6 dichlorophenolindophenol sras 
intrcduced tor the determination oi the reducing acamu' oi substances 
frith antiscorbutic acnviru This made it possTole to determine 
convenientlv — at time b\' titration — the reducing capacity of 

foods and various tissues In the earh* troth ZTva (ISI) thought that 
vitamin C itseli did not reduce indophenol, but that the decolorization 
oi the indicator tras due to a reducing substance doselv' associated 
frith the active nrinciole rrhich tended to prevent osidation. 

About this -ims the hone oi isolating the vitamin fras realized, but 
in a manner that had not been foreseen Moreover, the antiscorbutic 
character oi the substance thus isolated fras not appreciated until some 
years later Engaged in an investigation on the part plav'ed bf- the 
adrenal cortes in biolog.cal osidation, Szent-Gf'orgfi (159) isolated 
rnom the corten a hesose derivative mth strong reducing pofrer — 
hesuronic acid. This compound he found also in v^tables and fruits 
frhere it appeared to function frith perosidase sv'stems, thus a^odating 
the adrenal corten rrith this osidhdng mechanism. Among other 
observanons he recorded that hevuronic acid decolorized indophenol — 
a fact that prompted him to suggest that the acid rras prooablf' iden- 
tical mih the reducing suDstance described by Zilva. Tillmans (161) 
suggested that the reducmg substances that reacted rrith 2-6 dichloro- 
phenolindonhenol and vitamin C rrere the same, and that the latter 
and the hesuronic add of Snent-Gyorgyi rrere identicaL Shortly 
after this, Eing and Waugh (90) announced that ther' hpA isolated 
and crystalhzed a substance from lemon juice that in thdr opinion rras 
hesuronic acid and that this acid had anti-scorbutic activity Simul- 
taneo-slf' Snent-Gv orgyi (15S) esamined an authentic samnle oi 
Cf-stallzne hesuronic acc obtained from adrenal cortes and found it 
to be potent as an annscorburic. It rras soon proven beyond doubt 
tnat tnese crf'srailme prod_cts rrere the antiscorbunc vitamin. The 
observation that srmtnetic ascorbic add synthesined from 
mm no a ntis corbutic value rras active as an antiscorbutic sunnlled 
the nnal and incontioverdble proof This rras accompLshed in 1933 
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out fresh food On the Balaena, lune juice, “according to the act”, 
was served out daily, yet every one on the way home had sjmptoms 
of scurv}’^ which disappeared only after a diet of fresh potatoes which 
were taken on board at Portland 

More recently, the epidemic character of scurvy has disappeared 
In the Umted States dunng 1920 to 1930 adult scurv)' was called 
“Bachelor Scurv}’” because it was found among bachelors who cooked 
their own meals and had certam de fini te idios}mcraaes as regards food 
With the economic depression of the past decade the mcidence of 
scurvy mcreased, and this mcrease was not confined to any one group 

THE ETIOLOGIC-IL THEORIES OE SCURVY ANT) THE 
DISCOVERY OE VIT.YUIX C 

As has aheady been stated, it was known for a long time that scurvy 
was due to faulty nutntion, but just which nutritional factor was re- 
sponsible had not been detennmed Many theories had been sug- 
gested but most of them had died a natural death Among these was 
the Potassium Theory'' advanced by Garrod (57), the'Citnc Aad 
Theory' suggested by' Netter (114) and the Aadosis Theory proposed 
by Sir Almroth Wnght There was also a Toxic Theory' and an In- 
fectious Theory suggested by some other mvestigators The approach 
to the problem gamed new impetus as a result of studies on another 
vitamm Gryijn (63) contmumg Eijkman’s work suggested that 
ben-ben was due to a chetary deficiency and Axel Holst (80) m an 
endeavor to find out whether polyneuntic diets were able to produce 
this disease m animals other than birds, observed that gumea pig= 
developed a pathological condition distinctly different from poly- 
neuntis This conchtion Holst and Frohch (81) were able to identity 
with scurvy Wdien it became apparent that scurvy was a vitamin- 
or accessory-food-factor defiaency disease, the mterest of the bio 
chemists as to the nature and structure of this vitamm was aroused 
In the early' work the atrus frmts were used as sources of the vitainin 
as they' had always been considered ‘specifics’ agamst scurvy' Lemon 
jmce was concentrated by vanous means but the lack of stabdity ot 
the vi tamin hampered its isolation and identification It was foun 
that the active prmaple was rapidly destroyed m oxygen and that the 
extracts were more stable m aad than m alkahne solutions (183) 
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Another characteristic propertj* of active solutions was their power to 
reduce a number of reagents Bezssonoff (15) found that the active 
agent reduced phosphomol} bdotimgstic aad It reduced ammoni- 
acal silier mtrate and decolorized potassium permanganate m the 
cold In 1930 (163) the redox d>e, 2-6 dichlorophenolmdophenol was 
mtroduced for the determmation of the reducmg activity of substances 
with antiscorbutic actimty This made it possible to detemime 
conveniently — at this time by titration — the reducmg capaaty of 
foods and ^ anous tissues In the earty work Zilva (184) thought that 
vitamm C itself did not reduce mdophenol, but that the decolonzation 
of the mdicator was due to a reducmg substance closely assoaated 
with the active prmaple which tended to pre\ent oxidation 

About this time the hope of isolatmg the vitamm was reahzed, but 
m a manner that had not been foreseen Aloreover, the antiscorbutic 
character of the substance thus isolated was not appreaated until some 
years later Engaged m an m\estigation on the part played by the 
adrenal cortex m biological oxidation, Szent-Gyorg>u (159) isolated 
from the cortex a hexose derivative with strong reducmg power — 
hexiuronic aad This compound he found also m vegetables and frmts 
where it appeared to function with peroxidase systems, thus assoaatmg 
the adrenal cortex with this oxidizmg mechanism Among other 
observations he recorded that hexuromc aad decolorized mdophenol — 
a fact that prompted him to suggest that the aad was probably iden- 
tical with the reducmg substance descnbed by Zilva T illm ans (164) 
suggested that the reducmg substances that reacted with 2-6 dichloro- 
phenolmdophenol and ^•ltamm C were the same, and that the latter 
and the hexuromc aad of Szent-Gymrgyu were identical Shortly 
after this, King and Waugh (90) announced that they' had isolated 
and cry stalhzed a substance from lemon jmce that m their opmion was 
hexuromc aad and that this aad had anti-scorbutic activity Simul- 
taneously Szent-Gyorgyi (158) exammed an authentic sample of 
cry stalhne hexuromc aad obtamed from adrenal cortex and foimd it 
to be potent as an antiscorbutic It was soon proven beyond doubt 
that these cry stalhne products were the antiscorbutic \*itamm The 
obser\’ation that symthetic ascorbic aad, synthesized from matenal 
with no antiscorbutic value, was actiAe as an antiscorbutic supphed 
the final and mcontroi ertible proof This was accomphshed m 1933 



256 


ELAINE P RALLI AND SOL SHERRY 


out fresh food On the Balaena, hme juice, “according to the act”, 
was served out daily, 3^et every one on the way home had sjTnptoins 
of scurv}’^ which disappeared only after a chet of fresh potatoes which 
were taken on board at Portland 

More recently, the epidemic character of scurvy has disappeared 
In the Umted States dunng 1920 to 1930 adult scurvj" was called 
“Bachelor Scurv}’” because it was found among bachelors who cooked 
their own meals and had certam defimte idiosyncraaes as regards food 
With the economic depression of the past decade the incidence of 
scurvy mcreased, and this mcrease was not confined to any one group 

THE ETIOLOGICAL THEORIES OF SCURVY AND THE 
DISCOirERY OF VIT.AHIN C 

As has already been stated, it was known for a long tune that scurvy 
was due to faulty nutntion, but just which nutritional factor was re- 
sponsible had not been detemuned Many theones had been sug- 
gested but most of them had died a natural death Among these was 
the Potassium Theory advanced by Garrod (57), the 'Citric Aad 
Theory suggested by Netter (114) and the Aadosis Theory proposed 
by Sir Almroth Wnght There was also a Tome Theorj’ and an In- 
fectious Theory suggested by some other mvestigators The approach 
to the problem gamed new impetus as a result of studies on another 
vitamm Gryijn (63) contmumg Eijkman’s work suggested that 
ben-ben was due to a dietary deficiency and Axel Holst (80) m an 
endeavor to find out whether polyneuntic diets were able to produce 
this disease m anunals other than birds, observed that giunea pig^ 
developed a pathological condition chstmctly different from poly- 
neuntis This condition Holst and Frobch (81) were able to identify 
with scurvy When it became apparent that scurvy was a vitamin 
or accessory-food-factor defiaency disease, the mterest of the bio 
chemists as to the nature and structure of this vit amin was arouse 
In the early work the citrus fruits were used as sources of the vitamin 
as the}’’ had always been considered ‘specifics’ agamst scurv}’ Lemon 
jince was concentrated by various means but the lack of stabihty o 
the vitamm hampered its isolation and identification It was foun 
that the active pnnciple was rapidly destroyed m oxygen and that ^ 
extracts were more stable m acid than m alkalme solutions (1 
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arguments m favor of ascorbic acid denaency as the specmc etiological 
factor in scurv}' However, one final proof was still to be provided, i e , 
the experimental production of fnd blown scurvy m human bemgs 
on a vitamin C free diet. This had been accomplished in several of 
the other denciencx’ diseases For example, Goldberger (60) was able 
to produce pellagra experimentally in humans; SebreU and Butler 
(145) have been able to produce cheilosis on riboflaxm denaent diets, 
and JoUtne (85) et al have produced definite sjmptoms and signs of 
vitamm Bi denaenc}' m normal mdividuals on thiamin poor diets 
Where ascorbic add was concerned there was less defimte evidence of 
adult human scurvy occumng on a diet den^dent solely m vitamin C 
Cases of scurvw have been reported in patients on ulcer diets (39), 
which are practically devoid of ascorbic add, but these diets also are 
low m certam other nutritional elements (e g , \utamm Bi and certain 
pro terns) Yerv* recentlt* Crandon, Lund, and Dill (33) placed a 
normal adult indindual on a diet adequate m all the nutritional ele- 
ments but completely lacking in ascorbic add. After four rroniJts 
on this diet no evidences of clinical scurvy had appeared, although 
the plasma vitanun C had been zero for about two months, and the 
concentration of ascorbic aad in the white-cell-platelet layer had also 
fallen to zero Biops)- of an eight-day old experimental wound at the 
end of the four months period showed no inabihtv* to form intercellular 
substance, and wound healing occurred at a normal rate On the 
134th day of the denaent diet, however, the patient developed small 
perifoUicular hv'perkeratonc papules over the buttock and thighs and 
on the Iblst day of the denaent diet, the subject developed petechiae, 
and showed no healing of an experimental wound at this time (33) 
When aystallme vitamin C was added to the diet, the petechiae 
disappeared, the woimd healed, and the subject felt much stronger, 
adimtting that he had not realized how fatigued and weak he had 
become durmg the long period on the diet. This is the frst evidence 
01 the production of human scurvy under purely experimental condi- 
tions On an otherwise adequate diet the production of rhmrpl 
scurvy apparently requires about six months How long it would 
take to produce hemorrhages of major proportions is not known 
Many observers had lelt that adult human scurvy was not due 
simply to a denaencv* of vitamin C alone. Thus Hess (76) claimed 
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by Reichstem, Gnissner and Oppenhauer (131) The name ascorbic 
aad was suggested by Szent-Gyorg}^ and Haworth (160) to connote 
its antiscorbutic nature The American Medical Association (31) 
introduced the name cevitamic aad but more recently has dropped 
It m favor of ascorbic aad (32) 

The structural formula of vit amin C was established by Haworth 
(72), Hirst et al (75), Karrer et al (86), Michael and Kraft (108), and 
Von Euler and Klussmarm (46) usmg material obtamed from adrenal 
glands and papnka, suppbed largely from Szent-Gyorgyi’s laboratory 
The accepted formula is 


o=c — , 

I 

HO— C 

II 0 

HO— C 

I 

H— C — 

I 

HO— C— H 

I 

H«— C— OH 

The 1 form is the only active one D-ascorbic aad has no antiscor- 
butic activity (185) The reactions mvolvmg oxidation and reduc- 
tion have been of considerable mterest In the first step of oxidation 
1-ascorbic aad passes to dehydroascorbic acid, a compound that is 
antiscorbutic and can readily be reduced to ascorbic acid At a pS 
above 4, dehydroascorbic aad readily undergoes an irreversible re- 
arrangement givmg rise to another strongly reduong substance, 2-3 
diketolgulomc aad (no antiscorbutic value) and this on further oxida- 
tion breaks down to oxahc acid and 1-threomc acid (17) 

It IS umversaUy^ accepted now that a deficiency of ascorbic aad or 
vita min C is the cause of scimvy This is supported by the fact that 
scurvy has occiured both epidemically and m mdividuals when the 
diets were low or defiaent in the vitamm, by the fact that expen- 
mentaUy scurvy can be produced m gumea pigs and monkeys sunply 
by omittmg ascorbic acid from the diet (81, 25, 11), and by the fact 
that the feedmg of ascorbic aad either in crystaUme or m food form 
has cured the symptoms of scurvy (143, 141, 116) These are strong 
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Tiie nature oi the substance irom vrhicb. vitannn C is synthesized in 
ptiittipU or nlants has not as ynt been determined, nor have the organs 
or tissues responsTole ior the synthesis oi vitamin C been identined 
The suggestion that mannose might act as a precursor oi Yitamin C 
(65) could not be conarmed (73) King and his associates (111, 102) 
have found that a great many' substances increased the excretion of 
vitamm C in rats Among these "were terpene-lihe cyclic ketones 
■xhich vere pardculariy enective in sdmulatmg the excretion oi as- 
corbic aad. Per example, feedmg 100 mg of d-carvone per day led 
to average excretion values as high as 16 5 mg per day. Xo rm a T l y 
rats excrete about 0 2 to 0 4 mg of ascorbic acid daily Ahphatic com- 
pounds that trere found to tie relatively active xrere diisobutyl ketone, 
dipropyl ketone, and dimefhy'lacetylcarbinoL In vietr of the great 
variation in molecular structure of the compounds, it is pointed out 
that these substances proDaoly did not serve as direct preoirsors of 
ascorbic acid, bur rather served to stimulate the synthesis of ascorbic 
add from intermediate metabohtes. On further investigation it rras 
found that compounds used as nerve depressants accelerated the 
excretion of ascordic aad m rats. Among these vrere the barbituric 
add derivatives and paraldehyde and chloretone and some of the 
antipyretics. Phenols salicylates stlfanihmide, and snh’apyndme 
tv ere only shghtly active. It is interesting to note that rats continued 
to ^-nihesize considerable amonnts oi vitamm C for three months 
m response to the leedmg o: 20 mg daily oi either sodium phenobar- 
bital or chloretone King and his associates point out that no evidence 
was obtained which would mcicaie that the unnary ascorbic add 
was conjugated with any o: the toxic substances fed and they tnought 
that Its endogenous produenon rmgnt be related to the animal s 
detoxication processes The possibility that ascorbic add might act 
as a detoxiiymg agent had already been suggested m relation to poi- 
sons such as arsemc (28'' benzene 123) lead (79) and pnenol (93) 
-Althougn It 13 po5S.ble that ascorbic add may act as a detoxifying 
agent, the tact tnnt Kmg et al found no conjugated forms of ascorbic 
aad witn any o: the toxic suostances used m tneir feeding expemnents, 
does not permit one at the present tune to do more than mention this 
role as a possibility 

In tne spedes o: animals capable of synthesizing vitamm C, the 
balance oi evidence (1021 is in favor of an endogenous origin irom 
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that some other factor existed apart from the mere antiscorbutic 
value of the diet, which at times exerted a potent influence on the 
development of scurvy Accordmg to Hess, “cases developing m spite 
of a moderate amount of antiscorbutic food and others not responding 
to the addition of vegetables, frmts, or even crystalhne ascorbic aad 
to the diet, although not numerous, have been reported by too many 
experienced observers to be disregarded ” Lmd (100) always felt 
that scurvy was due to a combmation of factors of which faulty nutri- 
tion was the foremost but not the sole one He stressed the necessity 
of exposure to cold and dampness The recent work of Crandon et ah 
(33) proves conclusively that scurvy is due to the defiaency of vitamui 
C m the diet but undoubtedly the onset of the symptoms of scurvy 
on such a diet may be preapitated by certam factors, such as infec- 
tions and hyperthyroidism In the case of infections there is probably 
an mcreased demand for vit amin C imposed on the body by the infec- 
tious disease, or the toxms elaborated might act on the weakened 
vascular tree and produce the picture of scurvy Trauma also seemed 
to play some part m the development of scurvy among the manners 
Durmg the first World War scurvy often appeared among those sirffer- 
mg from dysentery and here the poor absorption of antiscorbutics 
may have been an important etiological factor In support of this, 
Chum and Farmer (26) have recently shown that m diarrhea large 
amounts of ascorbic acid may be lost m the stool 
That certam drugs may be mstrumental m the production of scurvy 
has also been suggested Thus KunbaU and Horan (89) claim that 
51 per cent of all epileptic cases treated with dilantm (sodium diphenyl 
hydantomate) develop gum changes similar to those found m scurvy 
They ascribed these changes as due to a defiaency of vitamm C smce 
the blood serum ascorbic aad paralleled the seventy of the gum hyper- 
plasia Much doubt, however, has been thrown on Kimball’s conten- 
tion by Gruhzit (64) 


DISTRIBUTION AND ORIGIN OE VITAMIN C IN THE BODY 

As pomted out by King (91) m his review on The Physiology of 
Vitamm C, of the extensive number ot ammak studied, only man, the 
other primates, and gumea pigs lack the capaaty to synthesize as- 
corbic aad At no penod m the hfe cycle of human bemgs is there 
any evidence that the synthesis of vitamm C occurs (91) 
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The distribution of the vitamm m body tissues is similar m all the 
speaes thus far studied, mduding man (13) It has been foimd that 
tissues with high metabohc activity have a high vitamin C content 
(182) Thus m order of decreasmg concentration of vitamm C is the 
pitmtary body, corpus luteum, adrenal cortex, young thymus, hver, 
bram, testes, ovaries, spleen, thyroid, pancreas, sahvary glands, lungs, 
kidney, mtestmal wall, heart, muscle, spmal flmd, and blood (table 2) 
The concentration of vitamin C m animal tissue is apparently related 
to the rate of activity of the tissue and its age (182) Yavorsky et al 
(182) found that the older the tissue the lower was its ascorbic acid 

TABLE 2 


Vitamin C Content of Human Tissues tn Different Age Groups 
ilg per gm 


Acs Group 



1-10 years 



Ndubek or Cases 

11 

9 

11 

17 

19 

Adrenal 

mi 

0 525 

mi 

0 393 


Bram 


0 189 




Pancreas 

ils 

0 304 

warn 

0 152 


Liver 

0 149 

0 148 

0 163 

0 135 

0 064 

Spleen 

0 153 

0 112 

0 157 

0 127 

0 081 

Kidney 

0 153 

0 122 

0 098 

0 098 


Lung 

0 126 

0 057 

0 058 

0 065 


Heart 

0 076 

0 049 

0 042 

0 042 


Thymus 

0 304 

0 319 

0 190 


0 046 


* Yavorsky, M , Almaden, P , and King, C G , The Vitamin C Content of Human 
Tissues J Biol Chem , 106, 525, 1934 


content Plant and Bulow (122) reported that the vitamm C content 
of cerebrospmal flmd m humans paralleled the dietary mtake of the 
vitamm This parallehsm had already been estabhshed for the plasma 
ascorbic aad and dietary mtake The vitamm C content of the sah- 
vary jmce bears no defimte relationship either to dietary mtake or to 
plasma concentration (3) The vitamm C content of sweat (29), 
aqueous humor (135), gastric ]mce (119), and nasal secretions (115) 
m humans has been determmed 

Vitamm C is present m relatively high concentrations m nerve tissue, 
the highest bemg found m the medulla of the adrenal, the bram, and 













262 


ELAINE P EAILI AND SOL SHERRY 


tesue metabolites similar to that observed for glucuromc aad by 
i^ipslute and Buedmg (101) In studies m which dogs and rats were 
emp oye , we have observed that when each speaes of animals con- 
sumed daily diets which were smnlar m quantity and character the 


TABLE 1 

Average 24-Hour Excretion of Vitamin C and tlie Fasting Plasma Levels of Vitamin Ct 
Normal Dogs on Similar Diets {Vitamin C-Pree) 


SOG 

VUlIBEa 

WEIGHT 

IfUlCBES 0? 
DA1L\ OB« 
SzaVATIONS 

avehage DA1L\ 
UMNAS\ zxcee- 

TION, VIXAION C 

I721NAEV 
EXCEETIOV 
FEE EG 
BOD\ 
WEIGHT 

1 TASTIKC FLASUA LEVELS, 

VITAiOKC 

Number of 
observa- 
tions 

Average 




m£ 

ms 


mi pa cal 

220 

10 25 

14 

(S4± 9 0 

6 3 


0 22 ± 0 06 

227 

9 25 

7 

67 ± 4 9 

7 3 


0 38 ± 0 06 

207 

15 75 

13 

304 ±32 

19 3 


0 55 0 09 

211 

12 25 

17 

189 ± 21 

15 4 

8 

0 65 ± 0 07 

197 

11 25 

10 

232 ± 17 

20 6 


0 62 ± 0 14 

193 

9 0 

21 

163 ± 18 

18 1 ■ 


0 63 ± 0 08 

215 

11 75 

1 

300 

25 5 


0 89 

218 

13 0 

6 

319 

24 5 

2 

0 94 ± 0 10 


Average 24-Hour Excretion of Vitamin C in Normal Rats on Similar Diets {Vitamin C-Free) 


EAT inilCBES 

WEIGHT 

NU3IBES OF 
OBSEEVATIOVS 

AVEZAGE DAIX^ OZI- 
VAZY EXCZZnON, 
VIXAiON C 

DFINAZYEXC2E 
nOV FEZ EG 
BODY WEIGHT 


gm 


mg 

mg 

1 

288 

14 


4 5 

2 

270 1 

14 

3 4± 1 2 

12 6 

3 

290 

1 14 

1 5 3 ± 1 3 

' 18 3 

4 

270 

14 

2 5 ± 0 4 

9 3 

5 

273 

14 

3 2 ± 0 6 

11 7 

6 

202 

6 

1 3±0 3 

6 4 

7 

221 

6 

2 6±0 6 

11 8 

8 

234 

8 

2 8±0 7 

12 0 


plasma levels (m dogs) and urmary excretion of vitamin C varied 
over a rather wide range The findmgs presented m Table 1 suggest 
that m dogs and rats the symthesis of ascorbic acid is mdependent of 
any specific food and is probably endogenous m ongm As mentioned 
previously, neither the site of synthesis nor its mechamsm has as yet 
been detenmned 
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acnj* 


3ri~A 
Black 
\rn.te 
Fra is 
-Annies 
Giesa 
Balcrnn 
Deacons 
Spy 


Apnoots, tresn 
Avccnca 


Blncnnemes 

Blnecemis 

Cherr.as 


Cnrmnts 

Blaca 

Bed 


Dates, ccred 
Kns 


Dned 

Gccsecemes 

Gmps 

Blaca 

Green 

Jn-ce 



isccaa: 

2:2 

rc.3* 

i 

HZ A=D 

Saeje 

A— 



‘ A— 

< siJ. 'j 

=i/- 0 


, !ssj: 0 


sat. 5 

: ! 

\ , 


1 FruAs — Ccrd.Aci 

i 

1 r2s- 

t 

1 0- 1 j 

0 

! Meicns 

5 

! 

> 0- 2 • 

0 

j CantaloTip 

i 20 - 40 

1 30 

i 1 


i Honey ball 

51 

' 31 

3 


Honey ce-v 

t 

5 7 

2- 3 


1 Mess 

’ 7 - IS 

1 13 

6 1 

1 

' Wnter 

J 1- 15 

! 5 

' 6 ' 


Onan-es 

' 

\ 

10- 11 


Palp 

16- 71 

i 

O 


i jtnee 

' 22- 59 

50 

1- 16 

1 3 

Peel 

59-210 

i ICO 

7“ * * 

. 13 

S 7 ICP 

0 

0 

1- 15 

2 

‘ Papaya 

i 32-150 

; 40 

2- 15 

« 0 

Peacnes 

' 1- 26 

1 7 

6 

: 6 

, Peats 

) 

1 

5- 17 

» S 

Palp 

'<1- 10 

3 

10- IS 

12 

Jntce,cnnnai 

Trace 

‘ Tr:xa 


1 

1 Pntenpnles 



50-253 

i 100 

i Freen 

; 10 - 20 

, 20 

14^ 50 

! 15 

’ Canned 

10 

10 

0 

! 0 

Plants 

< 1- 11 

j 2 



Pcntectanatcs 

6- 16 

‘ 11 

2 

2 


' 0 

. 0 

0 

0 

Snspaenaes 

‘ 15- 50 

! 

20- 50 

. 25 


j 46— 4 S 

! ^ 



Tan-ennas 

j 10 - 46 

' 50 

3 

3 

, .Y-iyaBkiads 

0 

i 0 

1— 3 

2 

1 VegdAiis 

\ 

i 

> 0 

; 0 

‘ ■Amci.o.^ss 

\ 3-20 


26- 65 

1 

I 40 

i 

! Asjatasas 

1 Beans 

10- 72 

1 ^ 

1-4- 66 

‘ 45 

Grs=n, snap 

! 2-40 

i 10 

26- 71 

‘ 60 

- T "I 

! 23- 61 

40 

ICO 

1 ICO 

Yedo— 

# 7— 26 

, 



Drea 

0 

’ 0 

20- 60 

30 

SietS 

! 0 - 10 

5 

17- 63 

‘ 30 

Brcccc^ 

. 50-122 

1 '0 

13—103 

25 

Cannase 

' 20-15S 

Ai 

uicicitec. 

tre^e vm. 

nes ate cn treci iccds. 
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the pars intermedia of the hypophysis Peripheral nerves are rela- 
tively poor m ascorbic acid (106) 

The distnbution of ascorbic aad m the elements of the blood has 
also been mvestigated (21) The white ceU platelet layer is nchest 
m ascorbic acid The distnbution ratio of the plasma concentration 
to red cell concentration vanes with the state of vitamm C nutation 
(21) Practically all the ascorbic acid m the plasma or the serum is 
m the reduced state (17), and the passage of ascorbic acid from the 
plasma mto the red cells has been shown to be a slow process (71) 
This is not the case with the transfer of plasma ascorbic aad into the 
white cells We have observed that withm 20 mmutes after the mtra- 
venous mjection of ascorbic acid an appreciable nse m the concentra- 
tion of ascorbic acid m the white cell layer occurred 
There is a high vitamm C content m tumor tissue dunng the period 
of rapid growth and with necrosis this decreases (88, 112, 167) 

THE DISTRIBUTION OF ASCORBIC ACID IN COMMON FOODS 

In general, the citrus fruits are the nchest m vitamm C Reference 
to Table 3 which has been compiled from determmations made by a 
large number of mvestigators shows the actual vitamm C content of 
vanous foods The vitamin C content may vary greatly m different 
vaneties of the same food, and it wdl also be affected by the treatment 
of the food Open kettle cookmg, wiltmg, and canmng wiU reduce the 
content of vitamm C Acidity of the food or its jmces wdl protect 
agamst destruction of the vitamm 


PHYSIOLOGY 

Hams and Ray (68) and more recentl}'^ others (125, 180, 84, 70) 
have shown that m man as the dietary mtake of vitamm C is dunm 
ished there is a correspondmg decrease m the imnary excretion of the 
vitamm When the body has become depleted of its normal vitanun 
C stores, a dmin istration of the vitamm first results m a storage of the 
vitamm m the vanous body tissues and when the deficiency m e 
tissues has been satisfied, urmary excretion agam follows Balance 
experiments of this kmd provide a reasonably satisfactory means o 
chnicaUy evaluatmg the vanous stages of vitamm C malnutrition 
The net loss or difference between mtake and excretion of the vitamin, 
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both in the human bemg and m the dog, the kidne}' excretes the vita- 
min b}' glomerular filtration and active tubular reabsorption The 
reab 50 rpti\e mechanism for mtamm C appears to be limited b}’ a 
maximal rate SO that when the vitamin is presented to the tubules at a 
rate exceedmg thi^; maximum the excess is excreted m the urme In 
a senes of normal human bemgs studied by Srmth et al (154), and 
Ralh and her assoaates (126), Tm values rangmg from 1 20 to 2 10 
mg of vi tamin C per 100 cc of glomerular filtrate were observed The 
average value observed m dogs, 0 52 mg of vitamin C per 100 cc 
glomerular filtrate, is of a much lower magmtude WTien the vitamm 
is presented to the tubules at a rate below this maximum the excretion 
of the vi tamin falls rapidly' At low plasma concentrations 97 to 
99 5 per cent of the vi tamin is reabsorbed However, even at the 
lowest plasma level this reabsorption is never complete and there 
exists a minimal value for the clearance which is mdependent of the 
plasma concentration 

Faulkner (52) has observed a ‘ renal threshold” for ascorbic aad 
at a plasma concentration of 1 4 mg per cent We have found that a 
rapid rise m the excretion of vitamm C occurs m the average mdividual 
when the plasma concentration exceeds 1 5 mg per cent (126) 

Farmer and his assoaates (26, 27) have studied the fecal excretion 
of vitamm C In the normal mdividual not over 6 to 10 mg of as- 
corbic aad are excreted dailv* m the feces even when large amounts are 
fed However m patients sufiermg from gastro-mtestmal disorders 
such as cohtis and diarrhea or m infants foUowmg catharsis, much 
larger amounts of vitamm C were exacted m the feces when vi tamin 
C was fed This apparently was due to failure of absorption of the 
vitamm from the gastro-mtestmal tract 
The most clearly established functional role ot vi tamm C m animal 
tissues 13 its relaPon to the physical state of the ‘ mtercellular material” 
as described by Wolbach and his assoaates (174) This is discussed 
m more detail m the section on pathology- Wtamm C seems to be 
related to calaum metabohsm m the lajing down of osteoid tissue 
Both roles are clearlv^ of major importance m relation to growth and 
repair of bones and teeth, and it is evident that other tissues such as 
cartilage and white fibrous tissue are affected m a -sim ilar manner 
Although the chemical mechanism through which the vitamm bnngs 
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rooD* 

j ASC0231C 

Range 

A-eiage 




1 

trglim 


im 

gvu 

V egeiadles — Coj Uhued 



Carrots 

1- 41 

3 

Cauli5ower 

19-101 

30 

Celer>, stalks 

1- 56 


Com 

4- 14 

10 

Cucumbers 

1- 18 

0 1 

Dandelions 

8- 55 

40 

Eggplant 

<1- 27 

5 

Kale 

34-164 

50 

Kohl-rabi 

16-108 

70 

Leeks 

4- 33 

15 

Lettuce 

<1- 22 

5 

Okra 

10- 17 

15 1 

Omons 

3- 15 

10 ' 

Peas, tresh green 

5- 60 

15 1 

Peppers 



Green, npe 

12-330 

180 

Red, npe 

69-2S0 

230 

Potatoes 

j 


New 

15- 35 j 

15 

Old 

5- 23 

7 

Sweet 

4- 91 

8 

Pumpkin 

I- 77 

5 

Radishes 

10- 28 

16 

Rhubarb 

6- 37 

18 31 

Squash 

3- 5 

5 B 

Spinach 

6-228 

50 C 

Sprouts, Brussels 

32-146 

50 & 

Tomatoes 



Whole 

3- 5 

25 Y 

Jmce 

9- 40 

30 E 


TABLE 3 — Condudti 


V cgdahles — Condjdei 
Tiinups 

Animal Products 
Uilk 

Cows’ raw 
Pasteurized 
Stunmed 
Butter 
Buttermilk 
Cheese 
Cream 
iClk, goats’ 
ililk, human 
Colestrum, human 


ASCOISICICUI 


Range 1 Areiige 


agimo 

SH 


12 - 54 


Fresh cooked 
Raw clams 
Codht er od 
Raw oysters 

Ifeat 

Beef muscle, cooked. 
Beef hver, cooked 


Jmce 


lO 2-4 3 
0- 1 
2 

0 - 1 
I 

0- 5 
0 - 1 

1- 9 
|0 8 - 11 

7 

Trace 

8 
0 

S- 8 

Trace 

10 

0 - 2 
1 

11- 19 
0- 5 
0 - 2 
0 


rrg IWi 
go. 


30 


2 

0-1 

2 

0 

1 

0 

0 

2 

6 

7 

Trace 

8 
0 
3 

Trace 

10 

0 

1 

16 

3 

0 

0 


for a person in a state of ‘‘saturation”, may be taken as an approxima- 
tion or measure of the quantity of the vitamm normally utilized by the 
mdividual RaUi et al (125) stud 5 nng the requirement of a senes ol 
normal mdividuals m this maimer found that the normal subject is 
capable of utdizmg about 100 mg of vitamin C daily 
The mech anism b 3 ’^ which the kidnej' handles the vitamm has been 
mvestigated by Ralh and her assoaates (126) They have shown that 
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did not obsen-e any appreaable differences between the normal and 
the scorbutic ammal Recently Ecker and his coworkers (43) demon- 
strated a defini te correlation between the complement titer of both 
gmnea pig and human serum and the vitamm C content of such sera 
In gmnea pigs placed on a scorbutic diet, the complement titer 
dropped, parallelmg the decre 2 Lse m the ascorbic aad level of the serum 
FoUowmg the feedmg of ascorbic aad, the serum complement titer 
rose proportionately This work needs confirmation m mew of the 
fact that m the case of espenmentall}' mduced human scurvy studied 
by Crandon et al (33), no change m blood complement was observed, 
although there was no mtamm C m the white cells or plasma and the 
dmical signs of scur\y were well de\ eloped 
Perla and IMarmorston (118) m a remew of the role of vitamm C m 
resistance came to the conclusion that mtamm C had no relation either 
to natural antibodies or to the formation of imm une antibodies They 
thmk that m general subchmcal scursy may be assoaated with m- 
creased sensitimy of the skin to poisons, to tubercuhn, and with an 
maeased susceptibihty of the bodj to anaphilams, but that frank 
scur\y may, on the other hand, be accompamed by suppression of the 
skm reaction and depression of the general susceptibihtj' to anaphy- 
laxis In the absence of an established speafic role of mtamm C m 
resistance to infection, the explanation of the decreased resistance to 
infection m scuivy may rest on the fact that there is some relationship 
between the presence of normal mtercellular matenal and the mamte- 
nance of the natural resistance of the organism 

Seelock (1461 has recently proposed that mtamm C is concerned 
with the normal metabolism of tmosme, smce he has been able to 
produce experimental alcaptonuna m gumea pigs on low mtamm C 
intake with the admmistration of t^TOsme or phenylalanme The 
a dmini stration of ascorbic aad demeased the alcaptonuna This did 
not howe\er, occur m a human alcaptonunc subject where the 
admmistration of large amounts of vitamm C failed to affect the 
alcaptonuna (147) 

Carbohydrate vielabolism and vitamm C 

The relation of mtamin C to carbohydrate tolerance has been studied 
by sexeral mxestigators !Most of this work has appeared m the 
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about this control of metabohsm is unknown, DaUdorf (36) believes 
that the effect is on the gelhng of the matrix 
The presence of vitamm C m both the cells of higher plants and 
lower forms of life has been reported (18, 58, 59) The identification 
IS ased on the fact that vita min C is the only naturally occurnng 
su stance that is capable of reducing acetic acid-silver nitrate solution 
iH the dark at room temperature These granules of reduced silver 
ave been seen m the cells of umcellular animals and plants and in the 
cells of the higher mammals The vitamm tends to show a higher 
concentration m young growmg animal tissues than m older tissues 
(13) Bourne and Allen (18) also found that vitamm C tends to 
concentrate m the young growmg tips of some fungal hyphae and that 
only a few granules remam m the older portions 

(91) pomted out that although ascorbic acid m vitro has occa- 
sionally been shown to have a defimte mhibitmg or activatmg effect 
on such enzymes as cathepsm, papam, amylase, argmase, catalase, 
urease, tyrosmase and nuclease, there has not been consistent agree- 
ment m the observations reported and there is as yet no proof that 
the vitamm has any effect on enzymes m vivo Most of the effects 
observed are probably due to the nonspecific acidity and reducing 
capacity of ascorbic acid On the other hand it may be that some of 
the effects described do occur m animal tissue in woo This requires 
further mvestigation 

The theory that vitamm C serves primarily as a hydrogen-transport 
agent or respiratory catalyst, has not as yet been supported as regards 
a nim al tissue (157) 

Tile relation of vitamin C to immunology 

The question of the relation of vitamm C to resistance was origmally 
suggested by the fact that scorbutic gumea pigs were observed to be 
prone to infection, and by the additional fact that infection seemed 
to precipitate the appearance of the signs of scurvy The mvestiga- 
tions of Koch and Smith (92), Hamburger and Goldschmidt (67), and 
Werkman, Nelson, and Fulmer (170) showed that there was no depres- 
sion of natural antibodies (bactenolysm, amboceptor, and opsonms) 
m scorbutic gumea pigs Koch and Smith (92) found that there was a 
rise m complement m scurvy, but Hamburger and Goldschmidt (67) 
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depancreatized dogs vras foUovred by a fall in tie plasma level of vita- 
min C A girmlar drop occurred in human diabetics but the percent- 
age fall iras less Than m the dogs (unpublished experiments) 

Some of the contradictor3' results reported on the relation of ascorbic 
acid and carbohj'drate metabolism are due to the methods of measur- 
mg carbohydrate tolerance At the present time there is no evidence 
that carbohydrate metabolism is signihcantly allected by vi tamin C 
therapy or that it is impaired m scurvj^ vath the exception of Sigal 
and Sling’s (151) observations of diminished glucose tolerance curves 
obtamed m the course of scurvy m guinea pigs 

METHODS 

The hrst methods used for determining the presence of ascorbic 
add in foods vere the biological ones These depended on the degree 
of protection anorded by various vitamin C contairung substances 
against the occurrence of the signs of scurvy m guinea pigs kept on a 
diet dendent m the vitamin The three methods usually emploj ed 
were the prevention method of Sherman and his assoaates (149), the 
curative method of Hams (69) and the tooth method of Hojer (7S) 
While all these methods were specific they were only quahtatively 
accurate and required lairly long penods of time Chemical methods 
for the determmation of vutamm C were being studied by several 
mvestigators In 1928 Tillmans (163) used the reduction of 2,6,di- 
chlorophenolmdophenol as a measure of the reducing capaaty ot 
extracts of foods rich m vitamin C and later for the dete rmin ation of 
vitamin C itself This method was confirmed and refined b}^ other 
workers (69c) to provide a satisiactoiy means for measurmg the con- 
centration of ascorbic aad m various solutions As a result ot further 
study it was foimd that ascorbic acid was the only substance to react 
in.ii cJjut<J>’with2 ,6 jdichlorophenohndophenolmaddsolution Other 
biologically occumng substances such as thiosulphate and cj-steme, 
capable of reducmg this mdophenol do so at a much slower rate The 
reaction between dichlorophenol and ascorbic aad can be accounted 
for solely on the basis of the dmerence m oxidation reduction poten- 
tials of their respective 55'stems While ascorbic aad is oxidized to 
dehx droascorbic aad, 2,6,dichlorophenolondophenol passes from its 
oxidized lorm (red in aad solution) to its reduced form (colorless) 
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oreign Meratiire Sigal and King (151) noted a dimmislied tolerance 
scor utic guinea pigs, as measured by glucose tolerance curves 
s impairment was improved followmg the administration of vita- 
observations of other mvestigators on this question of 
carbohydrate tolerance are somewhat contradictory Boehncke (16) 
and Azerad (9) m humans, Yamada (179) m rabbits, and Addani (6) 
in rats and rabbits, found no change m the blood sugar level following 
e admmistration of vitamm C Frada (55) reported that small 
OSes of ascorbic aad caused a shght drop m the blood sugar m rabbits, 
but that larger doses were followed by a nse DeLuaa and Morelb 
(40) and Dessy (41) report a shght rise m the blood sugar level m 
rabbits followmg the admmistration of vitamm C WiUe (173) re- 
ported that ascorbic aad tended to elevate the blood sugar when it 
was at hypoglycemic levels Pfleger and SchoU (120) considered that 
the action of msulm m both normal and diabetic subjects was mtensi- 
fied by the admmistration of ascorbic aad and that diabetic patients 
could be regulated with smaller doses of insulin when receivmg ascorbic 
aad On the basis of the data pubhshed it did not seem to us that the 
decrease m glycosuna was greater than that ordmarily observed m 
the course of treatment m the diabetic Schroeder (139) reported that 
vitamm C and msulm caused a greater faU m the blood sugar level than 
did msulm alone Actually the differences shown are very small It 
IS well to remember that the daily msulm requirement m diabetic 
patients may be affected by a variety of factors, and unless there is a 
change of considerable magmtude followmg the use of a therapeutic 
measure, no importance can be attached to it In rhi?; respect it is 
mterestmg that Crandon (33) found the glucose tolerance curves and 
the sensitivity to msulm wnthm normal Imnts m mduced experimental 
scurvy m a human Sebesta et al (144) and Turchetti (165) were 
also unable to observe any effect on carbohydrate tolerance following 
the use of ascorbic acid Crandon (33) did observe however, that the 
removal of lactic acid from the blood was impaired durmg the scorbutic 
state, which is mterestmg m view of Duffau’s report m 1937 (42) that 
the leg muscles of scorbutic gumea pigs contamed more lactic aad 
than those of normal gumea pigs and that followmg vitamm C therapy 
the level m the scorbutic pigs returned to normal 
We noted (127) that the admmistration of msulm m normal and 
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depancreauzed dogs was followed b5’' a fall in the pl a s m a level of vita- 
min C A similar drop occurred m human diabetics but the percent- 
age fall was less than m the dogs (unpublished experiments) 

Some of the contradictory results reported on the relation of ascorbic 
acid and carbohj'drate metabolism are due to the methods of measur- 
mg carbohydrate tolerance At the present time there is no evidence 
that carbohydrate metabohsm is significantly affected by vitamin C 
therapy or that it is impaired in scurvy, with the exception of Sigal 
and King’s (151) observations of diminished glucose tolerance curves 
obtamed m the course of scurvy in giunea pigs 

METHODS 

The first methods used for determining the presence of ascorbic 
add in foods were the biological ones These depended on the degree 
of protection afforded by vanous vitamm C containing substances 
agamst the occurrence of the signs of scurvy in gumea pip kept on a 
diet defiaent m the vatanun The three methods usually employed 
were the prevention method of Sherman and his associates (149), the 
curative method of Hams (69) and the tooth method of Hojer (78) 
While all these methods were specific they were only quahtatively 
accurate and required fairly long penods of tune Chermcal methods 
for the detemimation of vatamm C were being studied by several 
mvestigators In 1928 Tillmans (163) used the reduction of 2,6 di- 
chlorophenohndophenol as a measure of the reducmg capadtv’ of 
extracts of foods nch m vatamm C and later for the detenrunation of 
vatamm C itself This method was confirmed and refined by other 
workers (69c) to provide a satisfactoiy means tor measurmg the con- 
centration of ascorbic aad in vanous solutions As a result of further 
study It was lound that ascorbic add was the only substance to react 
imiredictdyvath 2,6, dichlorophenohndophenolmaadsolution Other 
biologically occumng substances such as thiosulphate and cj'steme, 
capable of reducmg this mdophenol do so at a much slower rate The 
reaction between dichlorophenol and ascorbic aad can be accounted 
for solely on the basis of the difference m oxidation reduction poten- 
tials of them respective sj'stems While ascorbic aad is oxidized to 
dehj droascorbic aad, 2,6,dichlorophenolondophenol passes from its 
oxidized lorm (red m aad solution) to its reduced form (colorless) 
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reaction is best earned out at pH 4 because a) the redox potenbal 
ditterence between ascorbic aad and dichlorophenolmdophenol b 
maximal at pH 4 and below, which assures completeness of the reac- 

mdophenol is unstable below pH 3, while deh) droascorbic 
aad becomes mcreasmgh* unstable above pH 5 

Recentl} Butler and Cushman (21) have modified the method ol 
artim and Bonsigmore (105) m which meth 3 dene blue is used tor the 
etermmation of vita min C m blood filtrates Apparently a greater 
egree of accuracy can be attamed by this method m blood filtrate, 
than by the dichlorophenolmdophenol methods 
To determme the ascorbic aad content of tissues, the tissues are 
extracted bj^' grmdmg m an aad preapitant, which consists ot meta- 
p osphonc aad alone or m combmation with other deproteiniauig 
reagents Ascorbic aad m the extract may then be detemuned b} 

titration with mdophenol or preferablv m the photoelectric color- 
imeter (14) ' ^ 

determmation of whole blood ascorbic aad presents certain 
polities Hany mvestigators (44, 22, 87) have demonstrated that 
emotysis decreases the concentration of ascorbic aad m plasma and 
that preapitation of whole blood b}’' hemolyzmg reagents such as 
trichloroacetic or metaphosphonc aad oxidizes ascorbic aad and 
mvahdates the results Lemberg, Legge and Lockwood (97) ha\e 
shown that m hemotysis the hberated o^hemoglobm enters mto a 
coupled oxidation with ascorbic aad to form choleglobm The}' also 
demonstrated that carbon monoxide will prevent this reaction The 
older methods of Stephens and Hawley (156) and Emmene and Van 
Eekehn (44) did not take these facts mto consideration Recently 
Butler and Cushman (21) have mtroduced a method which appears 
to offer promismg results It depends on the saturation of whole 
blood with carbon monoxide before preapitation with metaphosphonc 
acid The ascorbic acid concentration of the filtrate is detemuned 
m a photoelectric colorimeter usmg methylene blue as an mdicator 
As preaously mentioned, the methylene blue is about four tim es as 
sensitive an mdicator as mdophenol 
The determmation or the vit amin C content of the white-cell-plate- 
let la} er cons i sts m the separation and removal of that la} er from the 
blood, wei gh i n g, and extractmg with metaphosphonc aad The 
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vitamin C content of the filtrate obtained after centrifugation is deter- 
mined m the photoelectnc colorimeter -with mdophenol as an mdi- 
cator (21) 

There are four methods m use for the determmation of plasma ascor- 
bic aad the macro and micro methods of Farmer and Abt (50, 49) 
■which are simple titrations -with mdophenol of plasma filtrates after 
preapitation -with metaphosphonc aad and the maao and micro 
methods of Afindlm and Butler (109) -which make use of the photo- 
electnc colorimeter and also take mto account the final pH of the 
solution to be determmed Kruse et al (94) have demonstrated that 
the methods mvolvmg the use of the photoelectric colorimeter have a 
far greater accuracy’ than the titration methods, and that the most 
accurate of all is the maao method of Mmdlm and Butler We have 
modified the Mmdhn and Butler techmque so as to take mto account 
the turbidiU' of the solution to be determmed as recommended by 
Bessey (14) and have found that -with this modification the method 
IS accurate to ± 0 02 mg per cent 

The use of potassium cyamde as an oxidation inhibitor (121) m 
whole blood is to be discouraged (56, 51, 34) It has been pomted 
out by several observers that its use is totall}- unnecessary’, and mdeed 
it may be a source of error 

The most accurate method for the determmation of urmary ascorbic 
aad 13 that descnbed by Evelyn et al (48) as it differentiates between 
non-vitamm C reducmg substances and -vitamm C It also requires i 
the use of the photoelectnc colorimeter Tune readmgs should be Ij 
taken and an extrapolation to zero done Bessey (14) has simplified 
this latter procedure 

The oxidation of urmary ascorbic aad depends on several factors 
oxygen tension, temperature, exposure to hght, the aadity’^ of the 
medium, and the presence of oxidative catalysts such as copper 
The addition of 8-hy droxiqumolme and 5 N-sulphunc acid to the 
urme and storage m the cold is the most effective procedure for pre- 
\ entmg the oxidation of ascorbic aad m urme By this method the 
loss of titratable ascorbic aad is normally limited to 2 to 5 per cent 
o\ er a penod ot 24 to 48 hours (12, 148) 

Protem (148) and glucose (126) m the urme have no effect on the 
determmation ot urmary ascorbic aad 
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PATHOLOGY 

The pathology of scurvy in the human has been shown to be identi- 
cal ^h that found m the experimental animal The work of Wolbach 
an owe (174) and others on experimental scurvy m the gmnea pig 
as c anfied the pathological changes occurrmg m this defiaenc} 

ease As Wolbach has pomted out, the prunarj' morphological 
e ects of vitamm C deficiency occur m the mterceUular substance ol 
certam mesench 3 Tnal denvatives Accordmg to DaUdorf, “the^e 
can best be descnbed m terms of a prototj^pe of these structures, loose 
connective tissue Under normal conditions, the type cell, the fibro- 
last, hes m an amorphous ground substance wi thin which fibrils 
(reticulim) are formed which may m turn become gathered mto wav) 
bands or coUagen In this transformation the fibrils seem to become 
cemented together by a translucent matrix, the formation suggestmg 
a colloid phenomenon, the settmg of a gel ” DaUdorf (36) bebeves 
it is this phase of the formation of mterceUular materials which may 
be completely controUed by vitamm C Thus m the scorbutic 
gumea pig, the ground substance and fibroblasts are present as m 
the healthy animal, but fibnn or coUagen is not formed (Fig I) 
When the deficiency is corrected, translucent bundles and masses of 
coUagenous materials reappear withm 18 hours The formation of 
the mterceUular material of bone (osteoid tissue) and of teeth (den- 
tme) may’' be similarly controUed by withdra'wmg or supplymg 
vitamm C 

The observations m the experimental animals are consistent ■with 
the observations of scurvy m humans (33, 82) (Fig If) In scurvy, 
defective mterceUular substances are seen m connective tissue, bone, 
and teeth, and are beheved to occur m the blood vessels The tend- 
ency IS for the defective materials to form m the connective tissue m 
partial depletion, and for no mterceUular material to form m complete 
deficiency' Just where the weakness occurs m the capiUanes is not 
kno'wn Whether the effect of the defiaency is on the sheath or on 
the endothehal cement substance has never been deaded 
The anatomic manifestations of scurvy are greatly' modified by two 
factors growth and stress For example, the bone changes so 
typical of scurvy m the infant do not usuaUy appear in adult scurvy', 
whereas m the teeth of adults with scurvy' the dentme is seen to be 
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PATHOLOGY 

The pathology of scurvy m the human has been shown to be identi- 
cal with that found in the experunental anunal The work of Wolbach 
and Howe (174) and others on experimental scurvy m the guinea pig 
has clarified the pathological changes occurnng m this deficienc} 
disease As Wolbach has pomted out, the primarj'' morphological 
effects of vitamm C deficiency occur m the mterceUular substance ot 
certam mesenchymal derivatives Accordmg to DaUdorf, “these 
can best be described m terms of a prototype of these structures, loose 
connective tissue Under normal conditions, the type cell, the fibro- 
blast, hes m an amorphous ground substance withm which fibrils 
(reticulum) are formed which may m turn become gathered mto wav}' 
bands of coUagen In this transformation the fibrils seem to become 
cemented together by a translucent matnx, the formation suggesfing 
a colloid phenomenon, the settmg of a gel " DaUdorf (36) beheves 
it IS this phase of the formation of mterceUular materials which may 
be completely controUed by vitamm C Thus m the scorbutic 
gumea pig, the ground substance and fibroblasts are present as in 
the healthy a nim al, but fibrm or coUagen is not formed (Fig I) 
When the deficiency is corrected, translucent bundles and masses of 
coUagenous matenals reappear withm 18 hours The formation of 
the mterceUular material of bone (osteoid tissue) and of teeth (den- 
tme) may' be si mil arly controUed by' wnthdrawmg or supplying 
vita min C 

The observations m the experimental animals are consistent with 
the observations of scurvy in humans (33, 82) (Fig H) In scurvy , 
defective mterceUular substances are seen m connective tissue, bone, 
and teeth, and are beheved to occur m the blood vessels The tend- 
ency IS for the defective matenals to form m the connective tissue m 
partial depletion, and for no mterceUular matenal to form m complete 
deficiency' Just where the weakness occurs m the capiUanes is not 
knowm Whether the effect of the deficiency is on the sheath or on 
the endothehal cement substance has never been deaded 
The anatomic manifestations of scurvy are greatly' modified by two 
factors — growth and stress For example, the bone changes so 
typical of scurvy m the infant do not usuaUy appear m adult scurvy', 
whereas m the teeth of adults with scurvy' the dentme is seen to be 



ADXTLT SCXrR\'\ AXD ilETABOLlSil OF \'ITAiIIN C 


277 


rhages into the muscles, especially about the joints and mto the jomts 
are otten present In the e\es, ecch>-mo5e5 of the eyehds and con- 
junctivae are common The characteristic lesion m the skin is the 
penlolhcular or petechial hemorrhage (Fig HI) This is commonest 
wherever pressure exposes the weakness ot the capillaries Other 
lesions mclude bloodstamed efiusions mto the serous canties There 



Fig m \>vrERiOR ^ iew of the Lower Legs after Six iloxTHs of Vitaaux C- 

Free Diet 
Xoie the petechiae 

Repnnted irom J H. Cnindon, C C Lund and D B Ddl Etpenmental Human 
Scur\-\ Xew Eng J ot iled 223, 353, 1940 

maj be slight edema about the ankles Enlargement ot the heart 
ma\ occur but the circulatoiy collapse that seemed to haAe been a 
teature ot scurvv a hundred > ears ago w as probabh due to a dehcienc> 
ot Aitamin Bi AtropliA ot the bone marrow has been reported in 
5cur\-A (104 113) although it is more otten described as similar to the 
t\pe seen m secondaiw anemia (107 166) 

SYMPTOIIATOLOGV 

The 5A mptoms ot the disease begin as a rule insidioush with a 
leeling oi general lAeakness and a loss ot \agor The indiAtdual tires 
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resorbed and porotic This process commences about Tomes’ 
canals Such dentine as may be formed is inferior m appearance 
(osteodentm) The lesions of the gingiva occur onl}' when teeth are 
present and are most severe about deformed or broken teeth The 
gums become swollen and bogg\’^ and bleed easil}"^ In se\ ere cases of 
scuiA^ they ha\ e, at times, become so large as to hide the teeth and make 
mastication painful and diffi cult Rarefaction of the alveolar bonea 



Fig n Biopsy Specimen Reiioved yfter Six Months of Vitaiiln C-Free Diet 
Eosin axd Methyeene Bice Stain (X o50) 

Xote the nenh formed fibroblasts having no mtercellular substance between then 
Old collagen ma> be seen at the bottom and extending down and to the nght Irom 
upper lett-hand comer „ 

Repnnted from J H Crandon, C C Lund, and D B Dill Expenmental Hum 
Scurvj Xew Eng J Med , 223, 353, 1940 

results m loosening ot the teeth The gingival lesions commence 
on the papillae first as a htperemia vnth dilated thm-walled \ esaela, 
with a tendenc}" to mtractable hemorrhages Disintegration ot the 
epithehum foUoAts, along with infection and ulceration and granula- 
tion, and exen gangrene Lesions m the mouth are remarkabh 
constant 

Fragmentation of the striated fibers of muscle and intense reparatn e 
efforts marked b} multiplication of the sarcolemma occur Hemor- 
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There may be eitlier microscopical or gross hematuria In the ex- 
perimental production ot scur\y m a 3 'oung adult male, Crandon, 
Lund and Dill (33) noted the tollowmg sequence m the occurrence 
ot tlie clinical signs of scur^y The first to appear atter 134 days of 
the vitamin C deficient diet were small perifolhcular h} perkeratotic 
papules o\ er the buttocks and posterior aspects ot the thighs This 
i\a 5 followed almost immediateh b\ tragmentation ot tlie hairs, and 
it was noted that eacli papule contained an ingrown hair About 
25 da\s later, small peritollicular hemorrhages and petechiae ap- 
peared o\er the lower legs, whicli did not tade on pressure and maiii’ 



Fig 't SiBCVTCNEOis He\iatom\ on Thigii in \ P\tient mtth Scorw 
Ri-pnnted troni ^ Xisensou md A G Cohen Adult Scurvj, Stud\ of the Unnarj 
Output ot CeMtaniic Aad Ani J Aled Set , 194, 63, 1937 


Ot whicli occurred atter standing The gum clianges were late m 
mamlesting themsehes Fatigue was first noticed at the begmnmg 
ot tlie tliird montli ot tlie diet and there was definite eiidence of a 
decrease m minute oxAgeii consumption per kgni ot bod\ weight 
A.S tlie disease progresses, tlie complexion nia\ become more dingA' 
and somewhat brownish The gum lesions become more se\ere 
The teetli loosen and tall out and tlie aheolar processes undergo 
necrosis Large bloodi effusions ma\ occur, and occasionalh there 
IS bloodi diarrhea Hemorrhages into tlie muscles and deeper tissues 
gne rise to hard, brawni, tender swellings whicli ha\e been termed 
scur\w sclerosis” (Fig V) Edema ot the ankles occurs associated 
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quickly and complains ot breatlilessness The normal degree of 
alertness is replaced by a disposition to mactmt} There is a loss of 
appetite and the taking ot tood is additional!}' hampered b} the painful 
gums The latter besides being sore, bleed readily and are found to 
be congested, spongy, and somewhat hemorrhagic at their edges 



Fig r\' Gcii Chvngis ix \ Case of Scukai 


(Fig r\') The normal complexion ot the individual ma}’ change an 
become sallow or muddy Fleetmg pains occur in tlie jomts an 
Imibs, especially the legs Petechiae occur in areas m which capdlar} 
pressure is high as m the lower extremities or m regions distal to 
constncting bands oi clothing These petechiae occur mainh at 
the site ot hair follicles EcchAmoses ma\ appear most commoi a 
on the lower extreimties Bleeding trom the nose is not unusua 
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known to increase the requirements for vitamin C, the physical 
findings characteristic of the scorbutic state, and vitamin C determin- 
ations on blood and urine If a saturation test is used in an effort 
to measure the degree of the vitamin deficiency it may also serve as 
a therapeutic test, for if a fairly large dose of ascorbic acid is given, 
chnical improvement will follow m the physical signs which are due 
to scurvy 

The average daily mtake of vitamin C can be fairly wed. estimated if 
the patient is questioned as to the specific food sources of the anti- 
scorbutic factor m the daily diet The richest dietary sources, as 
shown m Table 3, are oranges, lemons, grapefruit, tangerines, toma- 
toes, fresh strawberries, green peppers, and raw cabbage It is 
important in estimating the daily mtake of ascorbic acid to determine 
the amounts of the vitamin C-contammg foods that are eaten and the 
state of such foods when eaten, that is, cooked, canned, or raw, as the 
treatment of foods wiU affect their vitamin C content 
The physical findings characteristic of the scorbutic state were 
described in the previous section Their intensity will depend on the 
duration and seventy of the deficiency 
As an aid m the diagnosis of vitamin C deficiency many tests have 
been introduced, some chnical, some laboratory Before describmg 
and evaluating them, it should be emphasized that the diagnosis of 
scurvy cannot be made on the basis of any test alone 

Scurvy is accompanied by an increased capillary fragility The 
chnical methods used to measure this increase in capiUary fragility 
fall into two general classifications — the positive pressure methods and 
the negative pressure methods As an example of a positive pressure 
method, the Wright modification of the Rumpel-Leed test (177) 
consists m applying a blood pressure cuff to the arm and keeping it 
inflated for fifteen mmutes, half-way between systolic and diastolic 
pressures Five mmutes after release of the cuff, the number of 
petecliiae m a 2 5 cm circle on the flexor surface of the forearm are 
counted Wright considers 0-10 normal, 10-20 borderhne, and more 
than 20 abnormal The Dalldorf test (37) is an example of a negative 
pressure method In this test a 1 cm suction cup is applied to the 
skin of the upper arm near the deltoid insertion and varying negative 
pressures are applied for one minute If petechial hemorrhages are 
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Y,ath a glossiness ot the extensor surface of the legs The skin is 
Ubualty dry and rough As the disease progresses these hemorrhages 
become more extensive and are accompanied m the extremities b\ 
edema Suppuration ma} develop m any of the hematomas and lead 
to the formation of huge abscesses Of 27 cases of scurv} (Table 4) 
that we studied, 2o shoved some gum changes t}'pical of scurw 
Eight ot the cases had massive hematomas and 15 had vndespread 
petechiae Death may occur as a result of infection or hemorrhage 
Ajiemia ot a variable degree occurs in a certam percentage ot adults 
vnth scurvA’ In adult scurvj one ma}’^ expect to fin d m about 33 
per cent of the cases red blood ceU counts between 2 and 3 milhon 
per cu mm , m about the same percentage counts between 3 and 4 
mihlon per cu mm , and m the remainder a shght anemia, or none 
(107) Moderate central pallor of the cells is frequent If hemor- 
rhage has been an important factor in the production of the patient’s 
anemia, a greater degree ot achromia and a lower color index will 
occur The cause ot the anemia in scurxy, although in part due to 
undernutrition, mtercurrent infection, and hemorrhage, is according 
to some (107) m the main dependent on an insufficient red blood ceU 
production resulting trom inadequate function of the bone marrov as 
a result of a chronic lack ot \ntamin C The blood platelets occur 
in from normal to moderate!} increased amounts The leucoci tes 
m uncomplicated cases are usually between 4,000 and 6,000 per cu 
mm The pattern is not much disturbed, although a slight h mpho- 
C3T0SIS IS often observed 

Scurx^'^ mterteres with the heahng ot wounds (96, 175) and lowers 
the patient’s resistance to superimposed infections of all sorts Scurvy 
IS often accompamed b} sx mptoms of other deficiencx diseases 
(181, 38) and is seldom uncomphcated Of 22 cases ot scurvx reported 
by Ralh and Friedman (128) onh 6 were uncomplicated bx other 
diseases The associated conditions included arteriosclerosis, di- 
abetes, syphilis, tuberculosis, arthritis, hx'perthxTOidism, and al- 
coholism 


DLXGNOSIS 

The critena tor the diagnosis of scurvy are a historx of the dietarx 
madequacx' ot xutamin C or the presence ot some condition that is 
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This increase in the plasma concentration of the \'itaniin following a 
standard dose will be conditioned by the extent to which the tissues 
have been depleted of their storage of xitamm C We have thereiore 
an mdirect measure of the degree ot tissue desaturation In the 
scorbutic patient, because of the extreme degree of ussue unsaturation, 
the urmaiw excretion foUowmg a test dose of 100 to 500 mg of \'itaimn 


TABLE 5* 

ifg of ri/J') r C Excrtlcd tr. 3 aiui 21 Hojrs oi Diet end Fc'Ic-~it g injed ci. oj 100 ng of 
Ascerb c Acd n Xon? ej, Sjbt jJr I on ard Sccrhol.c Suhjuls 


\aiiL\LS 

scsKijramos cas£s 

CASHS wna sct:xv\ 

Ms ejcreled 
on CLCt 

Ms excreted 
alter te:)t<ic:re 

Ms excreted 
on diet 

Ms excreted 
after tend! dose 

Ms excreted 
on adai^on 

Ms excreted 
alter test do4^e 

3 

hours 

21 

hoxirs 

3 

hours 

21 

hours 

3 

hoars 

21 

hours 

3 

hours 

21 

hours 
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1 4 
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11 5 
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5 6 

1 6 

2 2 


1 3 

4 7 
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2 3 
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14 2 

9 1 
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7 9t 
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44 7 
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34 6 

1 
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36 1 

57 S 
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0 3 

2 S 
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49 3 
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0 3 
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1 0 
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4 9 
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25 1 
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0 2 
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9 7t 

23 9 

4 5 

5S 9 

47 S 

53 5 
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2 0 

17 2§ 

4 7 

14 1 

12 1 

51 9 

37 6 

47 9 
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21 5 

10 9 
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34 4 
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0 4 

1 5 
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0 69 

5 2 

2 3 

6 6 


* Repnnted tram Pioc, Esp BioL and Med, An Eacretorj Test for \Ttamia C Defi- 
aenej and Subnutntion Bj Elaine P Ralli, Gerald J Enedraan, and Murrai Easlow 
Proc. Soc. Esp BioL and Med , 36, p 52, 1937 

I Clime paneat had been taking some orange jnice lor -week pnor to test 
t Climc patient had been taking orange juice for one Treek. 

§ Patient receiied 100 mg Centamic .tad alter the 3-hour excretion 

C IS small We have studied (129) the effect on the unnary excretion 
of 100 mg doses ot \~itamin C gi\en mtratenously m a group of 
normal, subnormal, and scorbutic subjects (Table 5) The normal 
subjects excreted 50 per cent ot the mjected an tamin withm three 
hours The subjects on diets low m vitamm C excreted about 
15 per cent m this period and the scorbutic subjects excreted less 
than 5 per cent of the vitarmn 22 patients with scurv% were treated 
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produced at 25 cm negative pressure or below, the capillar}^ fragility 
IS regarded as abnormal It is generaUy accepted now that aU these 

cap ary”^ fragihty tests are of httle value m diagnosmg vitamin C 
deficiency (4, 99, 33) 

The mtradermal test (136, 123) m which the dye, dichlorphenolmdo- 
p enol, IS injected into the skm, and the length of tune necessary for 

t e disappearance of color timed, has been shown to be of no value 
(130, 61) 

In 1935 Abbassy, Harris, Ray and Marrack (1) introduced the 
etermmation of the 24-hour urmary excretion of the vita min as an 
mdex of the vitamm C status With the recent advances m our 
knowledge of the excretion of the vitamm, it has become evident that 
the 24-hour excretion of the vitamm is a poor mdex of vitamm C 
deficiency, but does reflect the intake m a saturated mdividual For 
example, Ralh et al (125) found that an excretion of 6 to 14 mg daily 
occurs at intakes varymg from 50 to 100 mg of vitamm C daily and 
at fastmg plasma levels rangmg from 0 3 to 1 0 mg per cent This 
IS explamed by the fact that in the unsaturated mdividual about 99 
per cent of the vitamm presented to the kidney is reabsorbed On 
the other hand, once saturation has been obtained, aU the excess of 
the vitamin ingested above that which can be utilized is excreted, 
smce the kidney is maximally limited m its reabsorption of ascorbic 
acid Although the 24-hour excretion is not a measure of vitamm C 
deficiency, m chmcal scurvy there is no vitamm C in the urme The 
traces occasionally'’ reported are probably due to non-vitamm C- 
reducmg substances 

A better picture of ■vitarmn C nutrition is obtamed by the use of 
test or saturation doses of the ’vitamm than by the determmation of the 
24-hour excretion The ‘test dose method’ consists m either the oral 
or intravenous administration of a given amount of ■vitamm C and the 
determmation of the amount excreted within a given period foUowmg 
the a dmini stration Probably the best way of adnumstermg the 
■vitamm is mtravenously, as this obviates any error due to lack of 
absorption From all the reports pubhshed (129, 71) most of the 
■vitamm that is to be excreted will appear m the urme ■withm three 
hours Naturally the amount excreted ■will depend partly on the 
extent to which the plasma concentration of ■vitamm C is raised 
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(3, 5, 62) This is a more accurate index of the state of \Ttaimn C 
nutntion than is the 24-hour unnar^' excretion and it is simpler than 
the test dose Abt and Farmer (4) have stated that a plasma con- 
centration of vitamm C above 0 7 mg per cent indicates a normal 
state of vitamm C nutrition Plasma levels rangmg from 0 7 to 

0 5 mg per cent were mterpreted as mdicatmg a state of vitamm C 
subnutnuon, and plasma le^'cls below 0 5 mg per cent were considered 
as the scurty level ” All observers agree that plasma levels of 
vitamm C of 0 7 mg per cent or above mdicate a satisfactoiA’ state 

01 vitamm C nutntion but the more recent observations mdicate 
that low plasma concentranons of ascorbic aad do not of themselves 
provide a rehable mdex either or ^TTam1n C dehcienc\' or the degree of 
tissue unsaturanon (33, 21) We have observed several subjects on a 
daily mtake of 50 mg of ascorbic aad (125) and lound m eveiy case 
that This dose will only mamtam the plasma concentration of \~it amm 
C at abodt 0 4 mg per cent Complete depm-ation of the \-itarmn 
foUowmg this daily dose was followed by a rapid drop of the plasma 
concentration of \-itamm C to zero without the occurrence of any 
stTuptoms of scuny Thus although the scorbutic patient will have 
no tntamm C m his plasma one may also find subjects with no clmical 
evidences of scurvy m whose plasma there is no ascorbic aad Ob- 
viously then, the absence or ascorbic aad from the plasma is not of 
itself diagnosnc or the degree of vitamin C deficienc3' The most 
accurate index or atamm C defiaency, accordmg to Butler and Cush- 
man (21'l IS the level or atamm C m the white-cell-platelet layer 
They found that the level of atamm C m the white-cell-platelet lai er 
rmght be withm normal limits (25 to 38 mg vit amm C per 100 grams 
white blood cells) m spite ot a low plasma level or the vitamm Thev 
also reported that the whole blood will reflect the state of %-itamm 
C nutnuon more accurate!} tnan the plasma, as the cellular elements 
of the blood may soil contain the \atamin when there is none leit m 
the plasma Crandon, Limd, and Dill (33) detemuned the vntamm C 
le% els of the plasma, whole blood, rmd the white-cell-platelet la} er m a 
normal subject kept on a vitamin C-defiaent diet The plasma as- 
corbic aad lell to zero alter 41 days of the diet, the whole blood 
ascorbic aad reached zero alter 124 da}5 of the diet Tne first 
clmical signs or scuiv} appeared on the 134th day of the diet, 10 
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by feedmg crystallme vitamm C and the intravenous test doses were 
repeated at intervals during the course of treatment The amount of 
^tamin C excreted m the 3 hour penod foUowmg the mjection of a 
f found to mcrease as the patient became satur- 

e wi e vitamin In this respect it served as an mdex of the 
vitamm C nutrition An example of the response to such a 
ose and its relation to the total amount of vita min C mgested 



** - 

•LfziXiill 


2 / 3/37 2 / 12 / 3 / 3 / 2/37 3 / 1 1/37 3 / 20 / 3 / 


Three Hour Excretion Tests after 100 Mg of Vrriins C 

ADMINISTERED IN:^AVEN0USLY, BEFORE AND AFTER THE DAILY ADlUNISIRAnON 
OF VlTAlHN C IN A CASE OF SctJRVY (CASE 39) 

Ger^^d T°Fnp. a^^ ^ ^ -^CP, and 


IS shown m Chart 1 This patient was a 47 year old female with 
chabetes and thrombophlebitis, which had followed the appearance 
of large ecchymoses Areas of purpura and petechiae were present 
over both extrermPes The gums were pded up and spongi The 
plasma concentration of vitamm C detenmned by the Farmer and 
Abt method (49) was 0 1 mg per cent 
In recent years the determmaPon of the fastmg plasma ascorbic 
acid concenPaPon has been used as a measure of vitamm C nutrition 
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rlimrfll signs of sciiTvy, the diagnosis of the prescorhui^c slate^ is 
■vrarranted, by which we mean the state dunng which the dmical signs 
of scurvy may appear The exact time of the appearance of the 
physical signs under these circumstances maj* vary m difierent in- 
di\'idual3, but it will apparentlv' not be many da\'S and wiU probabl}* 
depend on the age ot the subject, the presence of anj- mtercurrent 
infection, and the phj'sical stress of the subject’s life Until the 
physical signs do appear, the symptoms will probably be general, 
such as fatigue and weakness 


THESAPY 

That the administration of ascorbic aad leads to a rapid and 
dramaPc cure of the scorbutic state has been well established \^ta- 
mm C may be admimstered m the lorm oi foods (the atrus fnut 
jmces bemg the most commonlj- used) (Table 3) or m the ciystaUme 
lorm The latter maj- be given orally, intramuscularly, or mtrave- 
noush- Xo toxic effects have been ascnbed to it, and we have given 
as much as 6 grams mtravenously in one dose on several occasions, 
and have also mamtamed plasma concentrations oi 25 mg per cent 
for 1 to 2 hours without observing any untoward results (126) Some 
m\estigators (137, 171) ha\e descnbed idio5\iicraaes to ciystalhne 
ascorbic aad m children 

In the ueatment of scurvy two facts are outstandmg, nrst, that 
relaPvely small doses ol the \itamm will clear up the phj'sical signs 
and second, that large amounts are needed to saturate the tissues and 
that the amounts requued may vaiy considerably m different m- 
diMduals For example Schultzer (142) reports that 9 5, 7 0, and 
14 4 grams of the Mtamm were needed to saturate three of the patients 
that he studied, but on the other hand another ot his patients was 
cured oi the signs or scurvy when given 40 mg or \itamm C intrave- 
nously daily for 2 weeks (141, 143) The amounts oi Mtamm C neces- 
sary to return the scorbutic panents whom we studied to a normal 
state ot Mtamm C nutrition are shown m Table 4 These observations 
also support those oi other m% estigators who round that the amounts 
of ascorbic aad necessary to saturate the tissues vary in different 
mdividuals depending on me degree of the denaency and its duration 
\le ha\e furthermore observed that the total amount oi Mtamm C 
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days alter there was no ascorbic acid in the white-cell-plateletla)cr 
Thus, of all the blood elements examined, the white-cell-plate'et 
ascorbic acid was the last to be depleted and they noted, the first to 
become saturated foUowmg vitamm C therapy This fact was aho 
j noted by Butler and Cushman (21) m several cases of scun'i treated 
with vitamm C The methods used for dete rminin g wtamin C m 
the white-ceU-platelet layer and m whole blood are both tedious and 
difficult and will probably not be adaptable for routme laborator}' 
The dietary madequacy of vita min C in the case reported b} 
Crandon covered a period of about four months before chmcal signs 
of scurvy appeared This is mterestmg m new of the fact that scuny 
did not become a menace to manners until long sea tnps were under- 
taken As mentioned before, the chmcal signs of scurvy maj appear 
sooner if infection or some other pathological state supervenes 
It becomes apparent then, that the whole blood, the plasma, the 
white-blood-cell platelet layer and the unne may all be devoid ot 
ntaimn C without clini cal signs of scurvy bemg present In the 
absence of characteristic signs the dimral diagnosis ot scuny, solely 
on the basis of chemical determmations, is not warranted However 
m normal subjects vitamm C is present m the white blood cells and 
the plasma and therefore its complete absence, particularly from the 
white-ceU-platelet layer cannot be considered 'normal’ On the basis 
of our present Imowledge it is not known what less obvious patho- 
logical effects may result from such a depletion of the plasma or 
cellular elements of the blood prior to the appearance or the diag- 
nostic signs of scurvy From the one case thus far reported (33) on a 
vitamm C-deficient chet, the phy^sical signs of scuny chd not occur 
until the blood plasma had contamed no vitamm C for 93 days and 
the white-ceU-platelet level had been zero lor 10 days Apparently 
then, the white-cell-platelet level of vitamm C is the most sensitive 
mdex ot the state of vitamm C nutnfaon It is equally' clear that 
when there is no vitamm C m the plasma one is approachmg a de- 
pleted state of vitamm C m the body and one which, it contmued, 
will lead to the appearance of the chmcal signs of scuny 
suggest on the basis ot these studies that when the plasma vatairun C 
13 zero the diagnosis of miamin C deficiency is warranted ^VTien 
the white-cell-platelet level of vitamm C is zero, even if there are no 
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dviration His motlier and sister had died of tuberculosis He had 
pneumonia at 17 and a chancre at 21 The latter was treated bj* inunc- 
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Breakfast 
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30 grams cereal 




0 

2 eg^ 




0 

60 grams bread 




0 

240 gnims rmllr 

j 



0 24 

10 grams butter 




0 

20 grams sugar 




0 

Coffee 


1 


0 


ss 

j 20 

30 



Lunch 


150 grams meat (medium fat) 




4 

150 grams nee cr spaghetti (p!am) 


1 


* 0 

4S0 grams milk 




0 4S 

120 grams bread 




0 

10 grams butter 




0 

1 cuitard 


i 


0 

Tea, with 10 grams sugar | 

1 



0 


143 

53 

6S 



Supper 


60 gnms cheese or 3 eggs 


1 


0 

150 grams nee cr spaghetti (plam) 




0 

240 grams milV 




0 24 

120 gmma bread 


i 


0 

10 grams butter 


1 


0 

1 jello 




0 

Tea, with 10 grams sugar 




0 


121 

2' j 

40 


Total 

352 

100 

i 13S 

5 


tions and later by mtravenous and rntramuscular mjections The patient 
had been a kitchen worker for all of the 45 j ears he had been in America 
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necessary to saturate the tissues m a scorbutic subject will depend on 
the method of adrmmstration of the vitamin For example, if small 
daily doses are given, the total quantity necessary to saturate the 
tissues IS greater than if larger doses are given This is due to the 
fact that the body will normally utilize as much as 100 mgm daily 
Therefore, to secure saturation a much larger daily dose should be 
used This is demonstrated m some of the cases discussed later 
In order to clarify further the requirements of vitannn C m scurvy, 
we have studied in detail 5 patients with the clmical signs of scurv)'^ 
The procedure was similar to that used m a previous study on the 
requirement for vitamm C m the normal adult (125) In that study 
it was estabhshed that the optimal requirement of vitamm C m a 
normal adult was 100 mg dailjq this bemg the smallest dady dose on 
which saturation of the body tissues was attamed and mamtamed 
The scorbutic patients in this study were hospitahzed and fed diets 
adequate m aU respects except for vitamm C, which was present m 
minimal amounts, that is, less than 5 mg daily (Table 6) The 24- 
hour unnary excretion of vitamm C was detemuned daily dunng the 
entire penod of observation The urmes were collected m dark 
bottles, to which was added enough 5/N sulphuric acid contaming 
1 per cent of 0 1 M hydroxyqumolme, so that by the end of 24 hours 
the concentration of acid was approximately 10 per cent by volume 
The unnary volume was remarkably constant m each mdividual from 
day to day so that the amount of acid necessary was readily calculated 
The bottles were kept m the icebox and the urmes added when voided 
The plasma concentration was detenmned two to three tunes weekly 
The detennmations for blood and unne were done m the photoelectric 
colorimeter usmg the methods descnbed by Mmdhn and Butler for 
blood plasma (109) and by Evelyn et al for unne (48) Complete 
blood counts and hemoglobm detennmations were earned out on 3 
of the cases diinug penods when the subject was receivmg vitamm C 
m crystallme form and dunng a period when he recei\ed no vitamm C 
and was on a diet deficient m the vitamm The studies on these 5 
cases of scurvj'^ and the summanes of their courses are as follows 

Case 1^42 was a 55-year old smgle white male, born m Czechoslovakia 
He entered the hospital on December 19, 1938, complaming of a purpuric 
rash on both legs and arms and swelhng of his hands and feet, of 5 days’ 
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duration TTi^ mother and sister had died of tuberculosis He had 
pneumoma at 17 and a chancre at 21 The latter was treated bj’ munc- 


TABLE 6 
Dei 



CAS::oHT- 

D 2 .\ 7 Z 


TAT 

VTTAVTX C 

BreaVrast 

50 grams cereal 
- esss 

60 grams bread 

240 grams milk 

10 grams butter 

20 grams sugar 

Conee 

Sss. 

so. 

fK. i 

0 

0 

0 

0 24 

0 

0 

0 


ss 

20 

30 



Lunch 


ISO grams meat (medium rat) j 


! 

4 

150 grams nee ur spageetu (plain) ] 



0 

4S0 grams milk 



1 

0 48 

120 grams bread 



1 

0 

10 grams butter 




0 

1 custard 



1 

0 

Tea, mtb 10 grams sugar 


1 


0 


143 

53 

68 



Supper 


60 grams cheese cr 3 eggs 

j 

i 1 

1 

0 

150 grams nee cr spaghetti (plam) 

1 

i i 

I 

0 

240 grama 


i : 


0 24 

120 grams bread 

i 



0 

10 grams butter 




0 

1 jello 

I 



0 

Tea, -nth 10 grams sugar 


i 

1 


0 


121 

27 j 

40 


Total 

352 

100 

i 15S 

5 


tions and later by mtravenous and mtramuscular mjections The patient 
had been a kitchen worker lor all of the 45 jears he had been in America. 
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His diet was grossly inadequate m fresh fruits, vegetables, meat and ttiiII- 
It consisted mainly of white bread, rolls, and coffee The present illness, 
which began five days prior to admission with sweUmg of the hands and 
feet, was not accompamed by d3^pnea or any signs of cardiac distress 
There was no pam or itching accompanymg the rash The patient ap- 
peared well nourished and not acutely ill There were no conjunctival 
hemorrhages, and the eye and ear exammation was normal The tongue 
was smooth and glossy ilany teeth were missmg and the remammg ones 
were carious The gums were piled up, ulcerated, and spongy The 
mucous membranes were normal The tonsils were enlarged and boggy 
but not reddened There was no adenopathy There were a few scattered 
rales throughout both lungs, which were otherwise normal The heart 
was shghtly enlarged, the sounds were normal, and the rhythm was regular 
The blood pressure was 178/108 The abdomen was negative Over 
the anterior and postenor aspects of both forearms from the wrists to the 
elbows there was a purpimc rash There were no pustules or surrounding 
zones of erythema The purpunc spots were discrete and varied m size 
There was a similar rash on the lower extremities and some spots on the 
thighs There was edema of both hands to the wnsts, of the anHes, and 
lower legs The edematous areas were painful on pressure The deep 
reflexes were equal and active There were no pathological reflexes and 
no calf muscle tenderness or solar hyperesthesia 

The laboratory data were as follows Temperature 100 6°F R B C 
4 8 milli on, Hbg 88 percent, W B C 9,500, adult polymorphonuclear cells, 
75 percent, Meta It, 6 percent, lymphocytes, 10 percent, mononuclears, 

6 percent, eosmophiles, 2 percent, platelets, 217,000 The Wasserman 
reaction was 4 plus Non-protem mtrogen, 32 mg percent, blood sugar, 
75 mg percent The urea clearance was 81 percent of normal The 
Rumpel-Leed test was negative X-ray of the heart showed moderate 
enlargement m aU diameters with accentuation of the left ventricular curve 
and minima l widenmg of the aortic arch The electro carchogram was 
normal 

Course The purpura began to fade wnthm a few daj^ after admission 
but new crops of petechiae replaced these The plasma ascorbic acid 
determmations on four different occasions prior to the institution of specific 
therapy showed absolutely none m the plasma There was no vitamm C 
found m the urme In view of the history, the physical findmgs, and the 
absence of vitamm C m the plasma and urme, the diagnosis of scurvy was 
made The studies on this patient are shown m Chart 2 He was ob- 
served for a penod of 170 days Durmg the first period of 19 day^ on a diet 
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devoid of Yitamin C, the utme and blood ascorbic acid remained zero 
The clmical signs were about the same as on admission The patient was 
then fed 100 mg of crystallme ascorbic acid (Merck) daily m two doses of 
50 mg each for the next 93 days The clmical symptoms of scurvy im- 
proved rapidly and the hemorrhagic spots disappeared The gum changes 
receded more slowly The fasting plasma ascorbic acid concentration 
rose slowly and finally leveled off at about 0 57 mg percent For the first 
30 days the urmary excretion of vitamm C averaged 1 2 mg per day, 
durmg the second 30 days, 9 5 mg, and for the last part of the period, 

14 7 mg of ascorbic acid was excreted daily The average for the 93 
days was 7 7 mg of vitamm C daily, so that about 92 mg was retamed 
daily In the next penod of 40 days the patient was fed 200 mg of vitamin 
C daily The retention rose to 132 mg daily The plasma ascorbic 
acid averaged 0 73 mg percent The daily intake was then mcreased 
to 400 mg The urinary excretion rose to an average of 175 mg daily, 
so that about 225 mg was retamed daily The studies were mterrupted 

15 days later when the patient developed acute appendicitis On the day 
before the symptoms appeared, the plasma ascorbic acid was 0 82 mg 
percent and the urmary excretion, 172 mg The day the infection mani- 
fested Itself the plasma ascorbic acid fell to 0 52 mg percent and the 
excretion fell to 137 mg The second day of the infection, the excretion 
was 135 mg and on the third day, 57 5 mg , at which time the plasma level 
of the ascorbic acid had fallen to 0 40 mg percent 

Prior to the onset of the infection the patient was fed a total of 23,300 
mg of vitamm C over a period of 151 days, and he still was retainmg a 
much larger quantity than a normal individual would have retamed The 
rapid fall m the ascorbic acid content of the plasma, accompanied by the 
decrease m the urmary excretion which occurred with the onset of the acute 
infection, is an mdex of the mcreased requirement for vitamm C in the 
presence of infection, and is additional evidence that the clmical symptoms 
of scurvy may be precipitated by an infectious process This case also 
demonstrates the fact that when the ascorbic acid is administered in moder- 
ate daily doses the total amount necessary to raise the state of vitamm C 
nutrition to normal is greater than if large doses are given m a smgle dose 

Case a 43 was a smgle, American male, 71 years of age He entered the 
hospital on March 21, 1939, because of mability to walk, due to back pam 
The family history was negative His past history mduded amputation of 
the right leg m 1935 due to gangrene as a result of frost-bite His diet 
had been deficient m quahty and quantity for several years He stated 
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that he nad had no fresh fruit for the past year and rarely ate fresh vege- 
tables For the past six months he had noticed weakness, some loss of 
weight, and nam across the lower back. His appetite, which had been 
poor tor some tune, had gone completely in the past three dat'S. He had 
noticed nurple snots on his skin dnnng the past two months On examina- 
tion, he was imdemounshed He was not dj'spneic or cyanotic. There 
was comeal opacity and an iridectomy of the left eye There was a pte- 
r\-gmm of the right cornea. The nght pupil was small and irregular but 
reacted to hght and accommodation The conjunctivae were pale. In 
the moutn the teeth were carious and decat'ed. The gums were spongy 
and heaped up The tongue was normal. There was no adenopathy. 
The lungs were clear The heart was not enlarged, the sounds were of 
fair quahty The rhithm was regular and there were no murmurs The 
blood nrcssure was 134/SO The liver and spleen were not felt. There 
was a mid-thigh amputation of the right leg .41ong the outer aspect of 
the lett thigh there was a punctate purplish area Several purpunc spots 
were seen on the left hand and over the nght hand There was no edema. 
Extension of both elbow jomts was limned hlotion of the sacro-lumbar 
spine was painful The redexes were hj-peiacnve 
Zchorc^ory daia The temperature was normaL R.B C 2 S6 million; 
Hbg 49 percent (7 14 grams), color mdex, 0 9, platelets, 481,600, WJB C 
8,250 poh-morphonudeais 63 percent, Ijanphocytes, 26 percent, mono- 
nuclears, 4 percent, eosmophil^, 2 percent, basophiles, 1 percent. The 
red cells showed shgnt changes m size and shape, and some polychroma- 
tophiha. The unne examination was negatix'e The Rumpiel-Leed test 
was negative The Wasserman xxas negative Xon-protem mtrogen, 
33 mg percent Blood sugar, 100 mg percent. X-ray of the extremities 
showed advanced sclerosis of the blood x-essels .\11 tne bones showed a 
moderate amount oi demmerahzation The heart showed miniTTiol enlarge- 
ment m all diameters and accentuation of the left x enmcular curve. The 
aorta was tortuous, elongated, and sclerotic, with calcine plaques m the 
aortic knob There were duiuse hbrotic and empnx'sematous change 
througnout bom lungs There were hx-pertrophic osteoartnntic changes 
OI the elbow jomts Two determinations of the plasma ascorbic aad 
pnor to merapy rex'ealed none There were traces of xntamin C m the 
24-hour urme. 

Becatse of the dietaiy history, the gum cnanges me ecch\-moses, and 
me absence of ascorbic acd m the plasma, the diagnosis of scurvy- was 
made Wlm the onset ot xatamin C therapy me pauent s ph\-sical condi- 
uon improved rap^dlx and withm a week almost all the nemorrhagic spots 
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had disappeared The anemia, however, improved slowly, and only after 
four months m the hospital did the red blood cell count reach 4 1 rmUion 
and the hemoglobm then rose to 80 percent 

The vitarmn C requirement of this scorbutic patient was studied over 
a period of four months For the first four days he was kept on the vitamm 
C-free diet Durmg this time there was no ascorbic acid m the plasma and 
the urmary excretion averaged 1 7 mg per 24 hours (Chart 3) The 
patient was given mtravenously m 1000 mg doses a total of 4000 mg 
of vitamm C These were given at mtervals of one hour This dose 
would saturate the tissues of any normal person The plasma concen- 
tration was 4 56 mg percent after the first dose, 115 mg percent after the 
second dose, and after the third dose it rose to 12 9 mg percent In the 
24 hours followmg the mjections, 1668 mg of ascorbic aad was exacted 
Of this amount, 1290 mg appeared m the first five hours The next 
mornmg the plasma vitamm C had fallen to 1 14 mg percent For the 
next 52 days the patient was fed 200 mg of vitarmn C daily m 50 mg 
doses A normal subject fed this amount daily would have exacted about 

100 mg daily The daily urmary excretion of vita min C m this case was 
49 mg The plasma concentration averaged 1 44 mg percent The 
patient was retainmg about 151 mg of vitamm C daily and this amount 
was capable of mamtammg a normal plasma concentration The vitamm 
C mtake was then reduced to 150 mg daily On this mtake the fastmg 
plasma concentration of vitamm C averaged 1 08 mg percent, and the 
24-hour urmary excretion averaged 49 mg This indicated that the tissue 
stores were about saturated as the patient was now retammg only about 

101 mg daily To check this, the mtake was raised agam to 200 mg 
daily and this was accompamed by an increased excretion, 96 mg daily, 
the retention remammg at a httle above 100 mg , actually about 104 mg 
daily The plasma vitamm C averaged 1 16 mg percent The daily 
mtake of vitamm C was then reduced to 100 mg dady The excretion fell 
rapidly to an average of 4 8 mg , which mdicated an average retention of 
95 mg of vitamm C daily The plasma level averaged 1 18 mg percent 
The patient, as far as his requuement for vitamm C was concerned, was 
behavmg as a normal mdividual whose tissue stores are saturated with the 
vitamm This case illustrates the effect of massive therapy m a scorbutic 
patient m an effort to produce saturation of the tissue stores of vitamm C 
It shows that even after such massive doses the scorbutic subject will 
requue for a period of tune more vitamin C dady to mamtam a normal level 
of vitamm C m the plasma than wdl the non-scorbutic subject In the 
period of 52 days m which this patient was utdizmg maeased amounts 
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of tte Yitamin, 14,400 mg. of viimnm C was fed, and of this 1,220 mg 
was excreted, resultmg in a retention and utilization of 10,1S0 mg of 
vitamin C 



Cha2t3 TEsPvrmKT W^s.ADiiiriaowriHiHaCiisiCALSiGiv^orScoavY, 

lscLcim>G Gmi Csxsgzs, P— i— csLva, aio Pcarcaic Spots 
At me pemt mc-caied 03 tie ctirt he tms givea 4,000 m3 01 V!t2mm C otmTeao_n> 
m 1,000 me dcs^ at nourlv mten-als FoUotvmg tis ne -rms iept oa 200 m3 01 vi ta— . in 
C (mll\ b * moeth. Tie plasma vimmm C remamed elevated darmg tms period and 
armar' excretioa averaged ^9 m.3 daily Alter o 3 days tie vatamm C m ta \e wa^ re~ 
ceced to 150 — ' cailv^ Tie plasma lev el tell oat remamed at me aoimal leveL Tie 
dad" eicretoa a-era~^ 49 m3 la the meat period tie mtake of vrtam.a C "vas ra.sed 
to 200 me cailv aad ti.3 vas accompamed bv a r.se m me eicretioa of vatamm C and a 
sicat rae m me plasma coaceatratoa. iras rise la excreaoa demaastrated mat tie 
paiteat’s assaes were saturated, aad tis was stibstaatiamd by tie tact mat la me last 
pered — iea me vitamm C mtahe was reaucea to 100 m3 dailv tie plasma level r enam ed 
aoiaial, aad tie eicreaoa tell to witma me normal raage. 


this scorbutic pauent’s tissue stores had become saturated with 
vitamm C he retained tne same amount 01 vitamin C daily as would a normal 
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individual, that is, about 96 mg daily Similarly, when his tissue stores 
were saturated, and more than 100 mg was fed daily, this patient behaved 
as a normal subject, and excreted the excess 

Case U 44 was a 62-year old Itahan white male, admitted on March 27, 
1939 He had been suffermg from pam and limitation of motion of the 
right knee, of eight days’ duration He was an unemployed tador who 
hved alone and cooked for himself Because of the poor condition of his 
teeth, he ate soft foods He had not had any citrus fruits or fresh vege- 
tables for three months About eight days prior to admission he noticed 
a purpuric patch on the nght knee There had been no trauma associated 
with this The knee began to swell and became so pamful that the patient 
was unable to bear any weight on it or move the knee jomt without exquisite 
pam Eventually the pam became so severe that the knee could not be 
flexed The patient also complamed of soreness and bummg of the tongue 
for the past few months On exammation he appeared chxomcaUy ill and 
pale He was not dyspneic nor cyanotic The tongue was smooth and 
pale The gums were reddened, spongy, and piled up about the few carious 
teeth that remamed The lungs were clear The heart was not enlarged 
and the soimds were of fair quahty The blood pressure was 100/60 
The hver was enlarged and firm and extended two fingers below the costal 
margm The spleen was not palpable There was edema of both lower 
extremities, the left greater than the right The right knee was swollen 
and the thigh and knee were discolored, due to extravasation of blood mto 
the subcutaneous tissues This discoloration was also seen over the leg 
and upper surface of the foot On the mner aspect of the right thigh above 
the knee jomt, more extravasation of blood had occurred The reflexes 
were normal The vibratory sense was mtact There was bilateral calf 
muscle tenderness but no other neurological signs of penpheral neuritis 
Laboratory data The urme was negative R B C 1 87 miUion, Hbg 
35 percent (5 grams), color mdex, 1, hematocrit, 16 percent, mean corpuscu- 
lar volume, 83, fragility of cells, normal, C 7,600, polymorphonuclears 
57 percent, lymphocytes, 29 percent, monocytes, 7 percent, eosmophiles, 

3 percent The Wassermann was negative Platelets were numerous 
Bleedmg tune was two nunutes Non-protem mtrogen was 34 mg percent, 
blood sugar, 138 mg percent Icteric mdex, 12, Vandenbergh duect 
delayed, mduect, positive X-rays of the bones were normal The left 
knee showed no gross pathological changes of the bony structure Shght 
h 3 cpertrophic S 3 movitis was present There were no gross changes of the 
shoulder jomts, elbow jomts, wrist, knee, or ankle jomts The lungs were 
dear There was accentuation of the left ventncular curve of the heart 
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Because of the extensive subcutaneous hemorrhages and the historj’’ of 
dietarj’ inadequac}-, and the absence of any other e\-idences of blood 
dj-scrasias, the diagnosis of scur\-y was made In view of the patient’s 
condition, xntamin therapy was begun immediately The patient was 
given 2000 mg of xutamm C mtravenously daily for the first 2 daj-s, and 
1000 mg on the third daj- He was then fed 500 mg ot vitamin C daily 
for 13 daj-3 The paUent recei\ ed a total of 12 S grams of \-itamm C in 
the period of mtensi%e treatment The hemorrhages resorbed and the 
anemia impro%ed, so that bj the end of the period the R B C was 3 17 
milhon, and the hemoglobm was 64 percent The further details on this 
case are shown m Chart 4 The patient was next gi\ en 200 mg of xu tarn in 
C daily m <h\^ded doses for 43 da3-3 This kept the plasma level above 
1 0 mg percent The urmarv* excretion av eraged 44 5 mg dail}-, so that 
the retention was about 155 mg daily- The blood count had by this time 
become normal and aU the symptoms of scurvy had disappeared At this 
point the administration ot vatamin C was discontmued and the patient 
was contmued on the control diet, which was devoid ot vatamm C This 
regime was contmued for 45 days, and dunng this time, with absolutely 
no vitamm C m either the diet or the crystalhne form, the red blood cell 
count remamed normal, and there were no significant changes m the 
hemoglobm or white blood cells The plasma concentration and the 
urmary excretion of the vitamin fell rapidly and by the 20th day the former 
was 0 11 mg percent and for the next 25 days it ranged between zero and 
0 2 mg percent The urmary excretion was 2 mg dady After 15 days 
the gums bled on shght pressure and nuld changes were observed Be- 
techiae were observ ed on the ISth day over the lower extremities but these 
were transient The gum changes did not progress The patient had no 
complamts and there were no signs about the knee jomts such as had been 
present on admission On the 45th day of this vitamm C-free penod the 
patient was given 3,000 mg of vatainm C mtravenously m doses of 1,000 
mg each Futeen nunutes after the last dose the plasma concentration 
of the vatamm was 7 05 mg percent, SOS mg of vatamm C was excreted 
m the next 24 hours, and by the next mommg the plasma vatamm C had 
fallen to 1 01 mg percent The patient was then fed 200 mg of vitamm C 
daily for 7 days The plasma av eraged 1 02 mg percent and the excretion 
ot the vatamm was 53 mg dailvy so that 147 mg was retamed daily This 
was greater than the amount that a normal subject would hav e retamed 

This case agam demonstrates the prolonged increased requirement 
for vatamm C m patients with scurvy It further demonstrates that 
lull-blown scurvy will not occur withm a penod of 45 days on a 
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on the diet 3000 mg of vi- 
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vitamin C-iree diet, even in a patient recentl 3 - cured of the condition 
The rapid fall m plasma vitamm C and m the urinary excretion that 
followed the omission of vitamm C from the diet did not agrufj- a 
complete depletion of the bodv' stores of the vutarmn Had the diet 
been continued long enough to absolute^ deplete the bodj' of aU its 
vitamm C, the patient would probably have developed the same 
hemorrhage 53Tnptoms which he had had on admission 

Cass ^45 was a 72-3'ear old male admitted June 20, 1939 His chief 
complamts were itchmg of the legs and a purpunc eruption over the skm, 
of three weeks’ duration He had a dislocation of me left shoulder m 1934, 
and on setting the arm the fingers had become paiafyzed The fingers 
were still m this condition on admission His diet had been inadequate 
for several j-eais and m the past few months he had eaten very little, due 
to loss of appetite. He had also had diarrhea for the past few months 
Three weeks before admission he noticed swelling of both feet. For the 
past two weeks there had been a purpunc eruption over the fingers of the 
left hand and over both legs This had gotten progressivelj' worse On 
examination the patient seemed fairlj* well nourished The gums were 
filthj- out not spong 5 ' and they did bleed easil}'. The lun^ were dear 
The heart was not enlarged and the sounds were of fair quahty. There 
were no murmurs The blood pr^sure was 110/80 The abdomen was 
negatite. There was a two-plus pitting edema of the legs and ankles 
The skin over both legs was scaly and there was a purpuric rash There 
were scattered petechiae on the thighs There was moderate ralf musde 
tenderness and solar hj-peresthesia The knee jerks were normal but the 
ankle jerks were absent. There was marked sderosis of the penpheral 
vessels 

Laboratory data RtB C 4 09 milhon, Hgb 71 percent, WJB C 6,200, 
polj-morphonudears, 59 percent, lymphotytes, 29 percent, monocytes, 
2 percent, eosmophiles, 1 percent. The urme showed an occasional red 
blood cell but was otherwise normal. The Wassermann was negative 
Xon-protem mtrogen was 31 mg percent, blood sugar, SO mg percent, 
ictenc mdex, 12, Vandenbergh direct, delayed, mdirect, posiih e. -•Hbumm- 
globuhn rano was 2 4/16 The stools were negative for blood X-raj- 
of tne gastromtestinal tract, mdudmg the gall bladder, was negative 
The Rumpel-Leed test was poame The plasma vitamm C was 0 05 
mg percent. Because ot the history of an madequate diet, the rlimrol 
findmgs, and the very low plasma vitamm C, the diagnosis of scur\-y was 
made 
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The patient w as placed on a vitamin C-free diet and received no ascorbic 
acid supplement for 12 days (Chart 5) The plasma vitamm C ranged 
between zero and 0 1 mg percent and the urme contamed only small 
amounts of reducmg substances The patient’s clmical condition remamed 
unaltered and there was no improvement On the 11th day he had a nose- 
bleed On the mommg of the 13th day vitamin C therapy was begun 
100 mg of crystaUme ascorbic acid was m;ected mtravenously This 
procedure was repeated daily Givmg the vitamm C m this manner 
removed any doubt as to its absorption, and by usmg m a patient with 
scurvy the dose that a normal mdividual utilized optimally daily it was 
possible to compare the metabolism m the normal and scorbutic subject 
Improvement m the chmcal symptoms began on the third day of treatment 
and contmued progressively m spite of the fact that the patient had several 
flare-ups of a chronic cholecystitis After 23 days of 100 mg of vitamm 
C daily, the ecchymoses had practically disappeared The gum changes 
improved The urinary excretion of the vitamm never mcreased, however, 
and averaged the small amount of only 1 2 mg m 24 hours The plasma 
concentration also remamed low, averagmg 0 13 mg percent Thus after 
a total of 2,300 mg of vitamm C had been mjected there was still no evi- 
dence, as reflected m the plasma vitamm C and m the daily excretion, of 
saturation of the tissues with the vitamm In spite of this, marked chmcal 
improvement had occurred These observations agree with those of Butler 
and Cushman (21) who reported that when patients with scurvy were given 
ascorbic acid the vitamm was first stored m the white blood cell-platelet 
layer and the white blood cells were the first to become saturated This 
preceded the nse m the plasma vitamm C, which apparently do^ not 
mcrease until other more important cells m the body have had their stores 
replenished 

Case ^ 46 was a 69-year old smgle, white, male iron worker who entered 
the hospital on September 7, 1939 because of mabihty to walk, of four 
weeks’ duration The family history was irrelevant The past history 
mcluded a traumatic fracture of the pelvis and ribs m 1909 and a chancre 
m 1898, for which he had had no treatment imtil 1926 At that tune he 
was told he had “locomotor ataxia ” He then received about 100 mjections 
over a period of four years He had also had gonorrhea m 1904 The 
patient had been a chrome alcohohe for years The dietary history was 
not reliable The present illness began two months pnor to admission 
with weakness of his legs and knees After four weeks, walkmg had 
become impossible Four days pnor to admission his ankles and feet had 
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begun to swell and he noticed numbness of the legs up to the Vnppg He had 
lost 40 poimds m the past year His appetite had been poor for the past 
year For several weeks before admission he had had diarrhea and diffi- 
culty m unnation On exammation the patient appeared chromcally lU 
He was not dj’spneic, orthopneic nor cyanotic The pupils were equal, 
regular, and reacted sluggishlj^ to hght and accommodation The teeth 
were m poor condition and there was shght p ilin g up of the gums The 
tongue was red and beefy, with smooth edges The lungs were clear 
except for a few rales at the right base The heart sounds were distant 
There were no murmurs The rate was 110 and the rh 3 ihm was regular 
The area of hver dullness was extended well below the costal margm but 
the hver could not be palpated The abdomen was distended Bladder 
dullness extended half way up to the umbdicus There was 2-plus edema 
of the ankles Scattered ecch 3 rmotic spots were seen on the dorsum of the 
hands, of the nght forearm, and on both upper arms There were scat- 
tered petechiae on both legs and on the dorsum of both feet The knee 
and ankle jerks were absent The biceps and tendon reflexes were more 
active on the nght than on the left Pam sensation was absent over the 
left hand to just above the wnst There was some hyperesthesia over the 
nght hand There was anesthesia over both feet up to the junction of the 
middle and lower third of the tibia Vibratory sense was absent over both 
legs but position sense was mtact There was marked loss of strength of 
both lower extreimties Ankle drop was more marked on the left than on 
the nght 

Laboratory daio Urme exammation was negative R B C 3 4 miUion, 
Hgb 68 percent, spmal Wassermann negative, ictenc mdex 15, Vanden- 
bergh direct, delayed, mdirect, positive, spmal fluid chemistry, normal, 
non-protem mtrogen, 34 mg percent X-ray showed a normal heart 
but there was a fusiform aneurysmal dilatation of the arch of the aorta 
There was moderate demmeralization of the bones of the feet The electro- 
cardiogram showed ventncular premature contractions The plasma 
vitamm C was 0 24 mg percent The Rumpel-Leed test was normal 

The ecch 3 moses and the low plasma vita min C substantiated the diag- 
nosis of scurvy There were also evidences of vitamm B deficiency As a 
test of the seventy and of the degree of vitamm C deficiency the patient 
was placed on the vitamin C-free diet and for 52 days was given no addi- 
tional vitamm C The diet was adequate m every other respect and con- 
tamed an ample amount of ntamm B (dried brewer’s yeast) Owmg to 
the urmar}’^ difficulties, 24-hour samples were not collected dail}^ but several 
tunes weeklj' The plasma concentration of mtamm C reached zero on 
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the 5tii dav of the diet and remained dose to tins dnnng the nest 47 da\-s 
(Chart 6) The nrin^ vrhen done contained verv s ma ll amounts of reduc- 
ing substance The ecchimoses iduch vrere present on admision ap- 
peared to impro\-e somemhat at first with the rest of the clinical condition 
but on the Sth day gum change began to appear The gums mere redder 
at the tooth margins and vrere piled up and bled easily The nest day 
nevr ecchvmotic spots appeared over the lorearms and there tvas a rash 
of peteduae over the left shm A blood dot mas noticed in the nose. 
As the period of observation contmued many nem ecchjnnoses appeared 
but at the same time the old ones faded rapidly. Showers of peteduae 
appeared and disappeared over the lower extremities On the ISth day 
the patient complamed of shootmg pams m the knees The gum changes 
continued mild although alwa\-s deSmte as compared to the transitory 
quality oi the hemorrhagic phenomena In spite of the fact that the 
patient had to be cathetenzed frequently no bleedmg occurred until the 
22nd day From then on bleedmg accompamed catheterization rather 
readily On the olst day the patient complained of painful swelhng 
of the ankles X-ray did not show any patnologj- of the underhung bon^ 
The edema persisted m spite oi bed rest and complete digitalization For 
the ret oi &e experimental penod the Sndmgs remamed about the same, 
that is d efini te but not marked gum changes, transitoiy- ecchimoses and 
peteduae, edema of the ankles, and fleeting musde and ]omt pams Xo 
large hemorrhages occurred nor did any severe anemia develop On the 
53rd day the patient was given 4 000 mg of crystalline vitamm C intraven- 
ously m divided doses The jieak in plasma concentration of the vitamin 
following the mjections was 16 7 mg per cent but bj* the next mommg it 
had fallen to 1 66 mg per cent Of the 4,000 mg mjected, only 505 mg 
oi the vitamm was recovered in the unne. The patient had retained 
3 442 mg oi vitamm C 

It seems from this studv in which an individual with the signs oi 
scorvv was kept for 52 days on a diet free oi vitamin C that the 
amount of vitamin C that the bodv did retam after the massive dose 
represents approximately the amount stored in the human body. 
This figure corresponds with the figures calculated from the other 
cases This patient, loUowing the massive dose of vitamm C was 
given 100 mg mtravenously daily for 14 days with a view to findmg 
out whether this dose would mamtam a plasma concentration above 
1 00 mg per cent ISithm 2 days the plasma level fell to 1 02 mg 
per cent and on the 4th day it was 0 62 mg per cent. From this it 
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can be seen as m the other cases that once an indiAndual has had 
SCUTS'^' it IS not enough to saturate the tissues with one massive dose 
but to maintain them m this state it is necessaiv* to provide the patient 
with a larger daily mtake of mtaimn C than is required m the normal 
subject Apparently the amount required daily is about 200 mg 
of \Ttamin C which is twice as large as the amount necessaiy to 
mamtam a state of saturation m normals 

In this case improvement m the chmcal signs followed immediately 
upon the administration of intamm C The gum changes that had 
occurred in the latter penod of the study regressed rapidly the earher 
changes more slowly The old ecchimoses di^ppeared entirely 
as did the edema This was particularly mterestmg as the edema 
had not responded to any other therapy such as digitahs adequate 
protein and mtamm B One will recall that ‘ swelhng of the legs ’ 
was recorded m the earhest descnptions of scuny When it was 
found impossible to mamtam the plasma concentration of mtamm C 
at a lei el above 1 00 mg per cent on an mtake of 100 mg daily the 
mtake was mcreased to 200 mg daily, given intravenously m 100 mg 
doses On this dose the plasma level rose slowly and on the 2Sth 
dai was 1 0 mg per cent The urmaiy excretion i-aned considerably, 
due probably to the fact that with mtravenous therapy there was a 
short rapid mcrease m the plasma level The average excretion was 
34 mg daily The patient was retammg about 164 mgm of ntamm 
C daily By this time all physical findings attnbutable to mtamm 
C defiaency had disappeared This case demonstrated several pomts 
pomts also obsers-ed m the other cases the chromati- of adult scurvw 
and the slow development of the pathological changes that are the 
basis of the physical signs This patient had moderate signs of the 
condition when he was admitted to the hospital and when he was 
kept on a diet absolutely lacking m the \ntamm for a penod of 52 
dai, 5 the signs of scuny mcreased veiy slowly and were not as ex- 
tensi\e as those obseia-ed m some of the other cases on admission 
The second pomt was that amounts of ascorbic aad ordmanly found 
optimal for normal adults that is 100 mg daily were mcapable of 
maintammg saturation m a patient who had had the Himral signs of 
scmvn for a considerable penod of time before the admmistration 
of a large amount of \ntamm C Case 45 showed that a dailv dose 
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of 100 mg of vitainm C given intravenously vnll cure the signs of 
scurvy but vtU not effect saturation All these cases brmg out the 
fact that the amount of vitamin C necessari' to cure the signs of 
scurv 3 * IS far less than the amount necessary to saturate the bod)’’ 
In Table / we have summarized the urmar}’^ excretion, retention, 
and plasma levels of intamm C m three normal mdividuals and m the 
five scorbutic patients just discussed In the normal subjects the 
mgestion of 100 mg a day ■was accompamed by the maximum reten- 
tion of \dtamm C, approximately 90 mg dail)’^, and on this dose there 
■was a constant small unnarx’^ excretion of vitamm C, averagmg from 
8 to 13 mg dad)' (Charts 7, 8 and 9) Feedmg more than this amount 
daily was apparently of no advantage m these normal adults, for 
when ’the amount of vit amm C mgested daily exceeded 100 mg , there 
was a prompt nse m the uimai)* excretion, and the excretion contm- 
ued to parallel an}- mcrease m the amount mgested (Chart 10) 
Furthermore, on this daily mtake of vitamin C it was possible both to 
raise and to mamtam the plasma level of the \'itamm at or shghtly 
above 1 00 mg per cent The fact that m the normal adult any mtake 
of vitamin C over 100 mg daily was promptly excreted ■with no 
further significant nse m the plasma concentration mdicated that this 
daily mtake was capable of maint ainin g the tissues m a state of vitamm 
C saturation In the scorbutic patients, on the other hand, the results 
show that 100 mg of the ntamm given daily, either by mouth or 
mtravenously, could not raise the -vitanim C level of the plasma In 
one patient with scurvy- (Case ^45) after 23 days the plasma level 
was only raised from zero to 0 13 mg per cent, m another case ( § 42) 
93 days of 100 mg daily only raised the plasma to 0 57 mg per cent 
Tn another case m which the plasma vitamm C was raised to 1 66 
mg per cent after a large dose, the daily admmistration of 100 mg 
was accompamed by a rapid fall m plasma concentration of mtamm C 
to 0 63 mg per cent The maximum retention of lutainm C m the 
scorbutic patients was much greater than 90 mg daily, even for 
rather long penods of tune follo'wmg the begmmng of vitamm C 
therapy, indicatmg the depleted state of the tissues This is sho'wn m 
Chart 11 m which are compared the daily urmar}^ excretion and re- 
tention of vitamm C m the normal and scorbutic subjects on doses of 
100 and 200 mg of -vitamin C dady This increased retention of 
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TABLE 7 


Sttjmary f?€ £xcrcttor'i ReUrUon^ ard Plasn c L^zcJs oj T jtorriTi C tr 3 K orvdl orA 5 

Scorh'Mtc Cases 


CASS 

PSSIOO 

KUK- 

OT 

DAYS 

DAILY ISTAEE 
or VIXAlIDiC 

AVESACE DAILY 

Excsmov or 

VTTAxrrv C 

AVZSAGE 
DAILY SE- 

TE^moN or 
viiAicn» c 

FLASlIAEAKGE 
nTrmvTN r 

Normal cases 




trs 

r-s 

«r 
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L R. 

I 

19 

50 

11 db 4 6 

39 

0 97 -> 0 so 


n 

33 
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20 il: 5 3 

SO 

0 SO 1 12 


m 

22 
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109 = 20 

91 

<-l 14-^ 


rv 

16 

350 

259 = 4S 

91 

1 25 -» 1 41 

W J 

I 

6 

0 

6 4 ± 3 9 

0 

0 30 ^ 0 20 


n 

52 

100 

6 0 ± 4 4 

94 

0 20 ^ 1 07 


Interval of 2 montlis 


I 

s 
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6 0 = 

2 0 
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0 56 -> 0 27 

n 

41 

50 

9 6i 

5 2 

40 

<-0 2S-^ 

m 

43 

<5 

7 9 ± 

3 6 

67 
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w 

45 
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13 i 

3 7 

87 
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V 

31 

150 

6S = 

14 

82 

1 20 -v 1 50 

IT 

30 

50 

13 i 

4 3 

37 

1 43 0 60 

I 

12 

None 

None 
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18 

50 
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44 

<-0 30-» 

m 

25 

75 
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2 2 

69 
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42 
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88 
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V 

IS 
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14 

96 
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VI 

19 

50 
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43 
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30 
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15 

96 

0 SO 1 25 

vm 

9 
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86 

♦—1 05— ♦ 

rs 

24 

75 
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3 2 

65 
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Scorbutic cases 
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9 
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0 

0 00 


93 
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92 
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IV 

15 
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1 

4 
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l^■n 

1 
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\ 

21 

200 
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VI 

10 
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95 
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310 


ELAmE P EAIXI ANV SOL SHERRY 


TABLE 7 — Concluded 


CASE 

PZfilOD 

BEE 

OF 

BAYS 

DAILY IStAKE 

OF ATEAIUN C 

AATSAGE DAILY 
EXCEZnOS OF 
AITAIID* C 

AVESAGi: 
DAXL\ EZ- 
TEKTIOS or 
ATTAIUN C 

rLASI£AEA^GE 

OF \TTAiaN C 

Scorbufac cases — Conlinued 




mg 


mg 

r-g percejti 

44 

I 


Total intake 12,800 mg 


->1 22 


n 
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155 

<-l ll-» 


m 

45 
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2 2 ± 15 


10 ->0 11 


IV 

1 

3,000 

1,113 

00 

0 18 — * t 05 







—1 04 


V 

7 

200 

53 ± 19 
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t-1 02-^ 

45 

I 

11 

None 

3 3 


0 04 



23 

100(1 tq 

1 2 ± 0 6 

99 

0 00 0 13 

46 

I 

52 

None 

1 0± 0 7 


0 24 0 00 


n 

1 

4,000 

508 

3,442 

0 00 16 7 







—1 66 


n 

14 

looatq 

19 ±79 

81 

1 66 0 63 



28 

2000 tq 

36 = 18 

164 

0 64 0 99 


\'itaimn C m the scorbutic patients occurred even vhen the adminis- 
tration of the \utanim dail}' had been preceded by massive doses of 
the vitamin Although rapid saturation of the tissues can be effected 
by such massive doses, mamtenance of this state of saturation m the 
patient who has had the chmcal signs of scurv')" requires a continued 
dail}’’ admmistration of the ntamm m doses of about 200 mg daily 

In cases i^44, i^'45, and J?46, where capiUarj- fragdit)'' tests were 
earned out throughout the studies b}"^ the Wnght and the Dalldorf 
techmques, there was no observed correlation between the capillary 
fragiht}’ and the state of \atamm C nutation of the patient This 
test, it seems to us, may be positive m the patient with scurvi , but 
there are many factors affectmg it, and as it is quite obviousty not 
quantitative, its diagnostic value is limited Dunng the penod of 
vitamm C-free diets no effect on the weight, red blood count, hemo- 
globm, white blood count, or differential count, was observed It 
is probable that the adequacy' of the diet m protem and iron was 
responsible for the lack of effect of the absence of vitamm C dunng 
the penod of obsen'ation 

The treatment of the scorbutic patient, as far as the chmcal signs 
of the disease are concerned, requires relative^ small daily doses of 
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Repimted from J Clm. Invest., \oL X\ iii, 705-714, 1939 By Ebnne P Ralli, 
Gerald J Fnedman and Sol Slieii^ 


the \nt amin However, if the iIldl^^dual is to be returned to an 
optimal state of \atainm C nutation, larger daily doses are required 
for fairly long periods of tune 
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TTTv. role or ^ TTA^^,^^ : c ix other diseases 

As mentioned previoush', scuny may accompany other pathological 
states or may be preapitated b\- such states Althou^ the state of 
A-itamm C deficienc}' m other diseases may not be severe enough to 
produce the diagnostic sATnptoms and signs of scurv}- the level of 
vitamm C in the plasma may be low or zero It would require a 



CH.-jrr 9 Cast: 3 Men, or Virurrs C Fss isp Excsrxrp Duly otd Pl-^esia Leiwis 
or Vw-virs C Dcrn.G Each Petiod 

Repnntea from J Cun. Invest., VoL XVm, 705-714 1939 B\ Emne P Ralh, 
Ge'nld J Fnednnn and Sol Sieny 

separate review to discuss all the diseases m which ascorbic aad has 
been used therapeuticall} In many instances its use has been purelv 
empirical and it has had no effect on the specific disease nrocess or 
on the general condition of the patient This discussion is confined 
to those conditions m which i-itanim C has seemed to be m\ol\ed 
either because clmical signs resembhng those observed m scuri'>. 
were present or because the character of the lesion suggested that the 
daih requirement for ntamm C might be mcreased 
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AVERAGE OF THE DAILY EXCRETION ON THE THREE 
CASES AT THE VARIOJS LEVELS OF VITA.VIN C INTAKE 

STX.'O-SO OEWtriCiS IWDCA'ED IN EACH COLUUN. 
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la? DAYS 93 DAYS 201 DAYS 79 DAYS 22 DAYS 

TOTAL injMEER OF DAYS AT EACH LEVEL OF VITAMIN C IIHAKE 

CSAM 10 Avxkage or the Dmla Excretion- on the Three Cases at the Various 
Lea-els of Veeascn C Intaxe t, tti p Palh 

Repnnted from J Clm InvesL, VoL XITH, 705-714, 19o9 B> Elame P Ralli, 

Gerald J Fnedman and Sol Shenj 

Diseases of the gastrointestinal tract were among the first to be 
investigated as regards A-itamm C both because the diet mvolved was 
low m the Autanun and because cases of scurvA- had been reporte m 
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patients treated for long penods rdth such diets (169, 39) Portnoy 
and Wilkinson (124) determined the level of ascorbic aad m the 
plasma and earned out saturation tests with ^^tamm C m 25 cases of 

UT^^D 



observed 201 days 22DAYS 117 DAYS 170 DAYS 


NORMAL SUBJECTS SCORBUTIC PATIENTS 

Chart 11 Average Dailv Excretion and Utilization or ViiAinx C rs Xorslvl and 
Scorbutic Subjects on Daili Doses of 100 and 200 Mg of Vitamin C 

peptic ulcer without hematemesis and m 31 cases who had suffered 
from severe hematemesis The detenmnations and tests indicated 
that the patients were suffenng from vitamin C defiaenej The 
plasma ascorbic aad values ranged from 0 14 mg per cent to 0 59 



316 


ELAINE P EALLI AND SOL SHERRY 


mg per cent In tins group of patients it was found that to saturate 
the tissues with vitamin C the patients with peptic ulceration required 
from 2jl00 to 5,000 mg and the patients with hematemesis required 
from 2,000 to 8,000 mg Field and his associates (54) are emphatic 
in stating that the majority of patients with peptic ulcer have a 
defiaenc}’’ m vitamm C They consider that the nature of the 
patholog}" of vitamm C defiaency is such that this deficiency may 
exert a deleterious effect on the heahng of these ulcers Warren and 
his collaborators (169) drew attention to the neghgible amounts of 
vitamm C m Sippj'' diets The fiust week Sippy diet contams only 
about 5 mg and the fourth week diet, about 15 mg of vitamm C 
They studied the amounts of ascorbic acid required to saturate 5 
patients with active duodenal ulcers and as a result of their observa- 
tions advised giving 200 mg of vitamm C along with the ulcer diet 
We have seen at least two cases of severe chmcal scurvy m patients 
who had been on Sippy diets for fairly long penods, and Davidson 
(39) reported three cases of scurvy on ulcer diets In patients suffer- 
mg from sprue, ulcerative cohtis, and paratyphoid enteritis, Lund and 
Elmby (103) found that ascorbic acid was poorly absorbed 

These are only a few of the observations that have been made on the 
state of \ntamm C nutntion m pafaents with gastrointestmal disease 
The evidence suggests that, owmg to the type of diets used m the 
treatment of such disorders, and the mterference m the absorption of 
foods, there exists a deficiency of vitamm C Dunng the active 
phase of such diseases mtravenous use of ascorbic acid is a simple and 
effective way of combatmg the defiaency if present There is no 
evidence that ascorbic acid wdl control the bleedmg that may ac- 
company such conditions or will affect the rate of heahng of peptic 
ulcers m man 

Relation of mlamin C to gums and teeth As one of the well known 
emdences of scurvy is the change that occurs m the gums, the thera- 
peutic use of ascorbic acid m diseases of the gums has received con- 
siderable attention Roff and Glazebrook (133) observed m a large 
group of jmung men m England who were in the Naval Training 
Corps, that the admmistration of vitamin C had no effect on the 
marginal gmgivitis This responded to simple hygiemc measures 
They did find, however, that the gmgivo-stomatitis lesions were 
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alwavs cured after the subjects were saturated with ascorbic aad 
Following 14 days of treatment with ascorbic add the gums lost theu 
deep maroon color and the tissues became firmer The average 
amount of vitanun C required per patient was 4,000 mg Boyle (19) 
studied the efiect of ascorbic aad defiaenc\' on enamel formation in 
the teeth of gumea pigs On defiaent diets there was a retardation 
of the deposition of dentme m the mcisor teeth The enamel was 
deposited at about the normal rate and when areas of hj.'poplastic 
enamel were seen, they were assoaated with scorbutic hemorrhages 
mto the overhang tissue Bo 3 'le does not feel that dental canes in 
man is related to a defidenc}' of \atamm C 

It seems to us that m aew of the vanet\' of factors that ma\' afiect 
the appearance and condition of the gums, one should not condude 
that eveiy- gum lesion is due to a defiaenc}' of mtamm C We have 
repeatedly seen 'spongj- gums m subjects with canous teeth in whom 
ascorbic aad was stUl present in adequate amounts m the plasma 
The same is true of bleedmg gums The gum change that does seem 
to be due to a defiaenc}* of ^•ltam^n C is the hemorrhagic lesion which 
is assodated with an accumulation of blood m the gums [Many of 
the other gum changes are probably due to underhmg dental path- 
olog\’ 

In experimentally induced hypcrthyroidxsm m rats Sure and Theis 
(150) ob5er%'ed a deaease m the vitamm C concentration of the 
adrenals thxmus, th}'roid, pituitary, kidney hver and heart, from 
which it IS conduded that the intaimn C content of the endocrines 
and tissues of the rat suffer tremendous losses of this intamm foUowmg 
tome doses of th}TOxme It is reasonable that with an maease m 
the rate of metabolism the utilization of x-itamm C would be mcreased 
The effect of h}'perth}Toidism m patients was studied by Lewis and 
others Lewis (98) observed 5 patients before and after subtotal 
th}Toidectomy The atamm C content of the diet was kept constant 
and the exaction of \-itamm C m the unne was detemuned In aU 
the patients the \ntarmn C exaction before operation was less than 
normal The actual dail} exaction dunng the penod of h}-per- 
th}roidi5m was from 4 to 10 mg Following th}TOidectom} the 
%'itaniin C exaction mcreased m all the patients These observations 
were confirmed by Spellberg (155) We observed one case of scurvi- 
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m a patient with hj^erthyroidism Clinical scurvy as a com- 
phcation of h5'perthyroidism is apparently infrequent 
The question of vitainm C deficiency as a possible etiological factor 
in rheumatic fever was suggested by Rinehart (132) as a result of 
studies on animals and later m human bemgs His general conclusion 
was that rheumatic fever resulted from the combined effects of ntamin 
C deficiency and infection, and that vitamin C deficiency might be a 
factor m the etiology of some cases classified as rheumatoid arthritis 
This pomt of view has been challenged by Schultz and by Tajlor 
Although Schultz (140) agrees that a non-purulent carditis occurs m 
gmnea pigs with chrome scurvy which are infected with Streptococcus 
liemolyticus, he feels qmte defimtely that the lesions produced are not 
characteristic of those found m rheinnafac fever In this respect 
Taylor (161) agrees with Schultz Furthermore Faulkner (53) con- 
siders that the low level of vitamm C m the plasma of patients with 
rheumatic fever is probably the result of the infection rather than its 
cause The reports of Abbasy and his associates (2) and of Hall et al 
(66) that patients with rheumatoid arthntis require more vitanun C 
than normal subjects cannot, it seems to us, be interpreted as meaning 
that such an mcrease m reqiurement is specific for this particular 
disease The same statement as regards vitamin C requirement has 
been made for a vanety of other diseases such as pneumonia, tubercu- 
losis etc Recentty Kuttner (95) reported that the addition of vitamm 
C as well as some of the other vitamms did not reduce the mcidence of 
recurrences of rheumatic manifestations m children with rheumatic 
fever 

The confusmg reports on the amounts of vitamm C reqmred m 
vanous diseased states is probabty due to the different methods used 
for estunatmg the vitamm C requirement and the lack of a uniform 
approach to such studies It is most important that the dietarj mtake 
of the vitamm should be kept standard as the excretion of vitamm C 
m entirelj’' normal subjects will be low until the vitamm C mtake is 
above 100 mg dailj”^ The observations reported thus far do not 
warrant mferrmg that vitamm C plays any part m the etiolog}' of 
rheumatic fever or rheumatoid arthnfas 

Vanous observ^ers have reported a low plasma level of vitamm C 
and a dimmished urmarj’’ excretion m a number of mfectious diseases 
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such as diplitiiena pneumonia typhoid, tuberculosis and osteo- 
myelitis "VSTien case ^ 42 in our series developed an infection mlule 
on a controlled amount of nt amm C dail\' there rras a fall m the 
plasma level and urmaiy- excretion of the Aitamm It is quite hkeh' 
that any general infection or any increase in the rate of metabolism 
might tend to mcrease the \~itamin C requirement As mentioned 
before the onset of an infection may preapitate the chnical signs of 
scurvy- m patients who hai-e been on a \-itamin C deficient diet for 
long penods However although the requirements for mtamm C 
may be mcreased as a result of infection, there is as yet no eifidence 
that defiaency of the -v-itamm plays a specific role in susceptibifiti- to 
infections 

The importance of -vit amin C m the formation of the mtercellular 
material led to mvestigation of its eSect m -jxuhd hcahng It -was 
shown experimentally m gumea pigs (96) that abdommal wounds in 
scorbutic amma]=; were not capable of withstandmg as much pressure 
as those m normal animals Gastnc wounds of scorbutic pigs rup- 
tured at the site of the wound and histologically these experimental 
animals showed connective tissue repair in the form of fibroblastic 
tissue but httle collagen production Wolfer and Hoebel (175) m 
discussmg the significance of ascorbic aad defiaency- m surgical 
patients report severe vatamm C defiaencv- m patients whose wounds 
failed to heaL This cnmphcation occurred particulaxh- m patients 
-with gastromtestinal diseases who had been treated -with restricted 
diets Preoperative saturation of sucli patients -with -v-itamm C 
resulted m satisfactoiy- wound healing In this connection it is in- 
teresting to recall that Lord Anson (76) noted the reojieiung of old 
wounds m sailors on the long sea tnps when scurvy- -was common 

The sunplest way of discussmg the effects of \-i tp-mm C deficiencv 
on the production of ahcn^:a is to consider its effects m the different 
groups m which it has been stuched namely the scorbutic gumea pig, 
infants -with scurw and adults -with scuiw- In the smnea nia durmo- 
the development of scurvy Sigal (152) observ-ed a decrease in hemo- 
globm and m the number of red blood cells An adequate mtake of 
iron (hd not prevent the development of the anemia Aron (S) pomts 
out that m studving the anerma m scorbutic gumea pip older ammaU 
should be used, e g 4 month old pigs as yoimg pigs are apt to sue- 
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cumb to the defiaenc}'’ before the anemia manifests itself He found 
a distmct reduction m the hemoglobm content and number of red 
blood ceUs m the older pigs on a scorbutic diet The age of the pigs 
used may account for the irregularity m the occurrence of anemia m 
the scorbutic gumea pigs observed b}’^ von Euler and Malmberg (47) 
Hess noted (76) that m infants ivith scurvy anemia 'was not a constant 
fi n ding and several other observers have supported this obsen’'ation 
(4, 7, 134) and have also pomted out that if anemia does occur it does 
not parallel the seventy of the sjTnptoms of scurv}' 

There has seemed to be a shghtly greater tendenc}* for anerma to 
be present m cases of adult scury>% but m notmg this fact one should 
remember that the diets m these cases are usually defiaent m other 
respects One cannot help questiomng whether the absence of vitanun 
C alone from the diet can be considered responsible for the anemia that 
IS observed To support this statement there is the case of expen- 
rrental scurvy produced m man (33), m which no appreciable anerma 
occurred m spite of a blood loss of over 6000 cc during the 6-month 
period of the defiaent diet A reticulocyte response m the anemia 
of several adult subjects with scurvj'' (107) and m a child with scurvj’^ 
(117) has been reported In both reports the effect of the protem 
mtake was not evaluated Of the 5 cases of scurvy which we ob- 
served, 3 ( ^ 43, ^ 44, 0 46) had low red blood cell counts and a 
lowered hemoglobm However, after treatment with %'itamm C, 
case ^ 44 was agrun placed on a diet defiaent m vitamm C but ade- 
quate m ever^'^ other respect The anemia did not reappear, although 
no vitamm C was fed for 45 daj-s Similarly, m case ^ 46, m whom 
the hemoglobm was 68 per cent and the red blood cells 3 4 milhon on 
admission, and who was kept on a diet de\oid of mtamm C but ade- 
quate m ever}' other respect for 52 days, and m whom the sjmptoms 
of scurv}' were present, no further reduction m either the number of 
red blood cells or m the percentage of hemoglobm occurred In vnew 
of the more recent observations on adult human scurv} , it does not 
seem that the absence of vitamm C can be con;>idered solely responsi- 
ble for the anemia that may be present Apparent!} the same is true 
m the scorbutic mfant In the scorbutic guinea pig it is possible that 
vitamm C is more directly related to the anemia that has been ob- 
serv'ed 
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Yifu 7 J 2 ji C ir rdaiio i lo iJc'jrht^c blood cdh In 1936 Stephens and 
Haulev (156) reported tliat the concentration of -citamin C was higher 
in the white blood cells than in any of the other fractions ot the blood 
This obsen'ation was confirmed by Butler and Cushman (21). This 
mcreased concentration of \Ttamin C m the white blood cells is of 
mterest because of the man"'" clinical conditions m which the white 
blood cells are involved 

Xormally the concentration of intamin C m the white cells vanes 
from 25 to 38 mg per 100 grams of white cells Butler and Cushman 
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(21) have reported concentrations as high as 100 mg per 100 grams 
of wmte cells m patients with leukemia We have studied the as- 
corbic aad content oi the white cells and the eS^ects of the mtra-'-enous 
mjectio'n of i-itamm C on the concentration of ntamm C m the white 
cells in three cases of leukemia In case « 48 a patient with chrome 
mielogenous leukemia (Table 81 the plasma \ntamm C was 0 27 
mg per cent and the intanun C leiel of the white cells was 48 mg 
per 100 grams of white cells The white blood cell count was 410 000 
•\scorbic acid was gi\en intravenously on two separate occasions 
(700 and 1000 mg ) There was a nse in both the plasma and white 
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blood cell levels of \Ttamm C withm 20 minutes At the end of an hour 
the plasma level had fallen sharpl}* but the white cell level of vitamin 
C remained elevated This demonstrates a rapid diffusion of vitamin 
C from the plasma to the white cells, which is in marked contrast to 
the slow diffusion of ntamin C which occurs from the plasma to the 
red cells (74, 21) In both cases of chronic leukemia studied the con- 
centration of vitamin C m the white blood cells was above the normal 
level However m case ^ 49, a patient ■mth acute leukemia, the 
level of vitamin C m the white cells remained within normal limits 
even after the admmistration of massive doses of vitamin C (Table 9) 


TABLE 9 

Acute Expenmeiit on the Rfecl of Vilamin C on the Total and Dijfferential White Blood Cell 
Count, iH a Case of Agranulocytosis 



Our findin gs in the 2 cases of chronic leukemia are similar to those of 
Butler and Cushman (21) They do not mention whether any of their 
cases were of the acute tv'pe of leukemia Obviously no final con- 
clusions can be drawn from our smgie case, § 49 
Dunng the production of experimental scurvy m man, Crandon 
et al (33) observed a shght fall in the white cell count, which they 
did not consider significant FoUownng vitamm C therapy the white 
cell count rose Other observers have reported a nse m the number of 
white blood cells foUowmg the admmistration of vitamin C Muller 
(110) reported that m 9 of 12 subjects the injection of 100 mg of 
ntamm C resulted m an average mcrease in the white cell count of 
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13 per cent Sdinetz (138) reported a sliglit nse m the white cell 
count following vitamin C therap}' m a case of leukopema In a case 
of agranulocj-tosis which we studied, no effect on the number of white 
cells was observed followmg the mtravenous mjection of 600 mg of 
mtamm C (Table 10) 

It IS an mterestmg fact that the concentration of mtamm C m the 
white blood cells is greater than m the red blood cells or the plasma, 
but the significance of this findmg m relation to the white blood cells 
has still to be mvestigated Certainly as far as the leukemias are 
concerned there is no e\*idence that mtamm C will affect either the 

TABLE 10 
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total number of white cells (10, -15) or that contmuous mtamm C 
therapy will affect the course of the disease (35, 162) 

The Relation of Vitamin C to Addison s Disease The fact that 
ascorbic aad is present m rather high concentrations m the adrenal 
glands (0 6 to 0 2 mg per gram) suggests a possible relationship be- 
tween ^■ltamm C and Addison’s disease There are, however, other 
tissues m the body that ha\e as high a concentration of mtamm C 
as the adrenals (pituitary, corpus luteum) Se^eral workers (172, 
30, 77, 4, 153) ha^e suggested that there is a relationship between the 
degree of pigmentation m patients with Addison s disease and the 
state of \ntamm C nutation In fact Abt and Farmer (4) report the 
case of a negro m whom a dose of 400 mg of \n taTTnn C daih o\ er a 
penod of se\ eral months produced ‘ a noticeable motthng depigmerta- 
tion below tlie e\ es ” In 2 cases of Addison s disease that we ha\ e 
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and there vere one or two small areas of pigmentation m the buccal mucous 
membranes and on the tongue. Esnmmation of the ch^t posteriori}* 
showed shght curcature of the spme and there were scattered rSIes heard 
throughout both ch^ts The heart sounds were of poor quaht}*, the 
rii}*thm was regular, and the blood pressure was 72/52 The routme urme 
examination was negatn'e The red blood cell count was 5 2 million, the 
white cell count was normal The blood sugar was 70 mg per cent. The 
plasma chlondes were S6 milheq per hter The basal metabohc rate was 
plus 6 per cent X-ray of the chest showed no acm*e evidence of tubercu- 
losis, but an isolated calcific deposit m the right apes The plasma vitamin 
C was 0 Oi mg per cent. The patient, on questiomng was found to be on 
a diet almost devoid of the mtamm as due to ‘ sour stomach, she had for 
about 10 months taken no fresh fruits and vei}* httle vegetables 
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The patient was treated with salt, fluids, and cortm for the obvious 
chlonde defiaencv* and reponded promptly She gamed weight The 
plasma chlonde rose to 103 miUieq per hter and the blood pressure rose 
to 114/72 She was grveu 200 mg of mtamm C daily and the plasma 
vitamm C rose to 0 9 mg per cent Durmg the penod of hospitalization 
the piatient recei^-ed a total of 5 SOO mg of \ntamin C There was r.o 
charge m the mtensit}* or degree of the pigmentation She was discharged 
after eight weeks to the dime where she was kept on salt mtamm B, and 
\ntanim C She did not attend the dime regularly and was readmitted 
to the hospital m October, 1939 The ph}-sical findmgs were much the 
same as on the first admission At this tune the vitamm C requirement 
studies were done She was fed a diet devoid of the vitamm plus a given 
amount of the mtamm m crj'stalhne form daily (Table 11) The 24-hour 
unnai}' excretion of the mtamm and the plasma Ie\*els, were determmed 

The results show (Table 11) that when the patient was fed 150 
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mg of vitamm C, dail3*, there was an average retention of 63 mg 
and the plasma level rose to 1 1 mg per cent \\Tien the mtake was 
decreased to 100 mg dailj’-, the retention of vitamm C was about the 
same (59 mg dad}-) and the plasma level remamed above 1 0 mg 
per cent 'OTien the mtamm C mtake was reduced to 50 mg daily, 
the retention was 41 mg and the plasma level feU to 0 8 mg per cent 
The ma x i m um retention of vitamm C that could be effected m this 
case was about 60 mg daily Although this is lower than the total 
amoimt retamed b}' normal male subjects on sumlar doses, calculated 
on the basis of the retention per kg of bodj' weight, it was about the 
same (1 4 mg per kg of body weight) This amount was capable of 
mamtainmg the plasma level of vitamm C at 1 0 mg per cent The 
maximum retention occurred when the patient was receivmg 100 
mg of vitamm C dadj' Reducmg the vitamm C mtake to 50 mg 
dady was accompamed by a fall m the plasma level This patient 
with Addison’s disease behaved as a normal subject would on a dady 
dose of 100 mg of vitamm C That the amount of vitamm C retamed 
was maximum on 100 mg of the vitamm dady was shown by the fact 
that when the dady intake of the vitamm was raised to 150 mg there 
was a correspondmg mcrease of vitamm C excreted, so that the re- 
tention remamed about the same The patient died after about six 
weeks m the hospital and at post mortem exammation both of the 
adrenal glands were found to be entuely replaced by caseou tubercu- 
lous tissue, which finding confirmed the clmical diagnosis of Addison’s 
disease 

Viiaimn C nulrtUon tn diseases of the hone In both experimental 
and mfantde scurvy, changes m the bones may occur Muco- 


scopicaUy there is found rarefaction of the existmg cortex, cessation 
of bone growth and replacement of the normal jimction by a zone of 
collagen over poor connective tissue m which fragments of densely 
calcified cartdage are found Dalldorf (36) pomts out that “the 
process suggests that in the absence of vitamm C the osteoblasts, 
unable to form osteoid tissue, revert to their prototj'pe and attempt 


to form a fibrous umon between the diaphysis and epiphj'sis ” These 
observations suggested to us that it might be mteresting to study the 
vitamm C reqiurements m patients with Paget’s disease of the bone 
The same procedure was used as m studimg the requirement for 
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\ntainin C in normal and scorbubc subjects The case studied ( 53) 
•was a 59-vear old male m whom the diagnosis of Paget’s disease was 
made by x-ray As is sho'wn m Table 12, the patient, on a dose of 
100 mg of Autamin C dad}', retamed an average of 54 mg daily 
On this dose the plasma level of vitamm C was above 1 04 mg per 
cent, and feedmg more than this daily was not accompamed b}’ anj’- 
significant mcrease in the retention, the excess bemg excreted m the 
unne ^^^len the daily dose of \ntaimn C was reduced to 50 mg 
daily the excretion dropped to 29 mg and the plasma level fell to 
0 79 mg per cent This case differed from the normal subjects m 
that he did not retam as much vitamm C on a given mtake as did the 
normals Notwithstandmg this fact, on 100 mg of \-itamm C daily 

TABLE 12 
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the plasma level of ntamm C was as high as m the normal subjects on 
this dose These studies do not show anj* clear cut change m the 
daily requirement for the ■\ntamm m this case of Paget’s disease 
Plasma vitamm C determinations were canned out m several other 
cases of Paget’s disease and thej’ paralleled the dietarj* intake of the 
vitamm 

Nephritis Sendroj’ and Miller (148) and Wnght (178) found that 
the low imnarj excretion of ascorbic aad foUowmg the admimstration 
of the ^ntarQm m patients -with nephntis was due to the impaired renal 
fimcbon The plasma le^els m the cases studied by Sendroy and 
^Miller were aU abo^ e 1 0 mg per cent, but m spite of this the urmaiv 
excretion was low In nephntis, the\- state that the “abnormally slow 
excretion ot administered ascorbic aad does not necessarily mdicate a 
low ascorbic aad content of the body ’ 
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Viiaimn C tn ahohohsm Wortis and Ins assoaates (176) m a stud)’’ 
of 103 patients with histones of chronic alcohohsm found a normal level 
of vitarmn C in the plasma and cerebrospinal fluid of subjects without 
psj'choses or penpheral neuntis In alcohohc subjects with evidences 
of penpheral neuntis and alcohohc psj'chopathj' the mtamin C level 
was low m both the plasma and the cerebrospinal fluid There is no 
evidence that the low ascorbic aad content in the plasma and spinal 
flmd was the factor pnmanlj’ responsible for the psj'chopathic sjmp- 
toms They probably reflect a low dietarj' intake of the ntamm 

There are other conditions m which ntaimn C has been used thera- 
peutically but those discussed m this review are the ones m which the 
chmcal findings had some basis for suggestmg the use of the vitamin 

SUMMARY 

Tie iterafure on ascorbic aad has been volummous durmg the past 
five }mars, and m this reidew we have been imable to refer to all the 
studies which have contnbuted to the present knowledge of the sub- 
ject As one looks back at the reports of the 17th and 18th centunes 
it is significant that with scuny, as with many other diseases, the 
earher dimcal descnptions of the disease have not been improved 
upon The advances m our imderstanding of this condition have 
come through unproved techmcal and chetmcal methods The pro- 
duction of scurvy expenmentall}’’ m gmnea pigs laid the ground work 
for a more exact knowledge of the dietary- factor mvolved The micro- 
scopic picture of the lesion and the effects of feedmg orange jmce to 
scorbutic gumea pigs made it possible not onlj’^ to postulate that this 
was a defiaenc}^ disease but it also pronded objective proof that the 
lesion thus produced could be cured by this particular food 

The question then arose as to the existence of the prescorbutic states 
and of those degrees of \ntamm C defiaencj'^ which were not profound 
enough to cause the chmcal signs of scurvy, but on the other hand 
were not consistent with a state of normal ^'ltamm C nutrition Such 
prescorbufac, or mtamm C-defiaent states, can only be diagnosed bv" 
the use of chemical methods, as the chmcal signs of scury> are not 
evudent at such times The question of which of the vanous methods 
should be used, and of how to define vitamm C defiaencj" and atamm 
C subnutntion is one which still occasions considerable discussion and 
which seems to us to ment a few additional remarks 
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!Much of the confusion which surrounds the identification of the 
various states of \-itamin C nutrition and the interpretation of the 
significance of the amounts of ^•ltamm C excreted, is due to the fact 
that m the majont}' of the studies the mtamm C content of the diet 
has not been accurately controlled Investigators have also over- 
looked the significance of the mechanism by which wtamin C is ex- 
creted and its dependence on the plasma concentration It seems to 
us that the most satisfactorj' and simple method for identrfjTng abnor- 
mal states of vitamm C nutrition is the determmation of the level of 
\nt amin C m the plasma and the white-ceU-platelet layer In subjects 
whose xntarmn C nutrition is normal, the plasma level of ^•ltarmn C is 
above 0 7 mg per cent and the level of wtamm C m the white-ceU- 
platelet laj, er is 25 to 38 mg per 100 grams of white cells At the 
present time plasma levels of \~itamin C below 0 7 mg per cent and 
down to 0 1 mg per cent are considered to mdicate a state of \it amm C 
nutrition below the accepted normal This is often referred to as a 
state of xitamm C subnutntion WTien the plasma level of Mtamm C 
IS zero, the subject is considered to be defiaent m ^^tamm C If the 
defiaency of the \~itamin is contmued, the \ntamin C content of the 
white-cell-platelet layer wfil decrease and eventually there will be no 
\-ita min C m this fraction of the blood The best mdex of \ntanun C 
defiaenc} pnor to the onset of the sj-mptoms of scunw, is the \ntamm 
C content of the white-cell-platelet laj er, as this is the last fraction 
of the blood to be depleted of its \atanun content and apparentlv re- 
flects the content m the tissues The difficult}- that presents itself is 
the evaluation of the degrees of \-itainm C defiaency on the basis of 
chermcal determmations The relation of these values to the phj’sio- 
logical or pathological changes that may be takmg place is not known 
at present We do know that to mamtam a plasma level of 0 7 mg 
per cent of \-itamm C an mdl^-ldual reqmres about 75 mg dailv, and 
that as the mtake of the Antamm is lowered there is a correspondmg 
deaease m the plasma le\ el, which graduall} faUs to zero when the 
%-itamm is entuely lackmg m the diet At just what pomt does this 
deaease of the atamm m the plasma or white cells represent a defi- 
aency of Mtamm C’ In human bemgs we have onlv one case report 
to go on, m which the chemical determmations of the le\ els of \-itamm 
C m the blood fractions have been correlated with the onset of the 
symptoms of scur\-y In this case the sj-mptoms of scurvy- appeared 
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10 days after the level of vitamin C m the white-cell-platelet layer was 
zero and 90 days after the plasma level had reached zero However, 
durmg the period of 90 days when the plasma level of vitamm C was 
zero, there was a steady fall m the level of vitamm C m the white cells 
Obviously, then, once the plasma level of mtamm C has reached zero, 
the white cell layer will begm to fall It therefore seems reasonable 
to suggest that when the plasma level of vitamm C is zero, the pabent 
can justly be considered defiaent m vitamm C, and when the level in 
the white cells has reached zero the defiaenc}^ is severe Scurvy repre- 
sents the most profound degree of vitamm C deficiency, and smce it is 
preceded by a depletion of the vitamm C content of the plasma and 
cellular elements of the blood, the level of vitamm C m the plasma and 
the blood cells does serve as an mdex of mtamm C nutrition 
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with a stenle S}'rmge and needle nnsed vnth sterile saline several 
times The blood was transferred to a tube containing a volume of 
three per cent sodium citrate solution eqm\'alent to 10 per cent of the 
volume of the blood, and gently mixed The sample was centnfuged 
immediately and the plasma separated with care to avoid an}- con- 
tammation with red cells The hematocrit values Mere measured on 
a blood sample usmg oxalate mixture as anticoagulant The plasma 
hemoglobm and bihrubm \-alues obtamed on the samples of atrated 
blood were corrected for dilution of the plasma due to the citrate 
solution The plasma hemoglobm values obtamed m normal m- 
diinduals were usually less than five mgm per 100 c c and rarely as 
high as rune mgm per 100 c c when this techmque of drawmg the 
blood samples was used 

The plasma bihrubm concentration was measured by the method of 
MaUoy and Evel}Ti (38) Any bihrubm i-alues obtamed m plasma 
samples with hemoglobm concentration of 30 mgm per cent or over 
have been discarded m accord with the findmg m previous work 
(37) that the bihrubm %-alues are lower than actual with this method 
m the presence of such concentrations of hemoglobm 

The urobilmogen contents of the stools and unnes were measured 
accordmg to the method of Watson (39) 

The Donath-Landstemer reaction was tested, with addition of 
gumea pig complement, as described by ^Mackenzie (40) The aad 
hemol}-sis test for hemoglobmuna of the parox}-smal nocturnal t}-pe 
was performed accordmg to the method of TTam (41) The hemo- 
globm pigments of the blood and urme were identified bv spectro- 
photometric studies emplo}'mg a Komg-Zilartens t}-pe spectrophotom- 
eter 5 Spectroscopic studies of the plasma and urme were made with 
a Zeiss hand spectroscope 

The urea clearance was measured by the method of Van Slyke, 
Page, H iller and Kirk (42) The “urea plus ammoma” nitrogen was 
measured after urease action b} the aeration method The total 
protem of the urme was measured by the g^a^-lmetnc method em- 
plo}mg precipitation with acetic aad as descnbed by Fohn (43) or 
with trichloracetic aad as m other studies m this laborator}- (37) 

* These spectrophotometnc studies were made b\ Dr John F Ta^ lor of the Depart- 
merit of Biochemistrv , Han'ard Medical School 
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iKxxoxrcnox 

*'3Isni icixo^D'bia'iiiia 25 a cozcinoa in Triicb. piiT^cal exerdca 
grres nss 20 lie passage of a red urine containing ieniDgiobin in saln- 
tton lie conditiDn tras nrst described bv Ideiscier (I'' in ISSl: 
4-0 case reports are no— aTailabie Q— 31 ind.). mainlr in tie Gemao 
ifetatnre. In 29 cases attacks of neraodDbinntia —ere preCTitated 
bj rralking or marciiing for one qaarter to several bonrs- in 11 cases, 
attacks orctrred in atblets folloTdng strennors ~ — g Tie nubished 
reports consist cnienv of a description of tie rb-iirgl ciaracteiisdcs 
ot tie attacks- Xo stadv of tie mtantftative aspects cf iemoljss is 
avaiiaile, and information concerning tie pathologic nivsologv o: 

We iave iad tie onnormnitr icc^ntlv to stcdr three cases of this 


We iave iad tie opporranity recently to stcdy three cases of this 
condition- One patient, an insnrance broier. developed becno- 

trvo panen3 college athietas. developed hemodobinnita danng 
strennons rcns of one and one-iaif and nve miles - The d— I'raJ and 
laboratoty observations in tiese cases and a (nscnsnon 0 : the btera- 
mre are presented m this commnnicatiDn. Tie invesngaron m- 
dnded a stndy of tie diagnostic cntena, iematological strcles. 
cnemical stnd-es of ilood pigment metabolism, smdis oi kddney and 
liver fmctiDn. and pbynological invesngations oi the conditions neces- 
sarv for nroccction of attacks 


rdstaions or ioc; 


taATIOX 


encclocyts anc platelets mere comted m met preparations -c- 
'—g to the method of Damesieb (oil. oxalate mixtrre '351 mas 

rdim to tie method of Daland and'Womiler (34:'- 

snred bv the benniccne method of Sing and Baber '35 col- miih 
n modintaticns as desndbed in a previons paper from this labora- 
.37\ Blood samnles mere colecied ircm an antemhital vein 
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in this kidney which was inteipreted as possibly due to kinking of the ureter 
because of its lower position The patient felt tired and was anxious about 
> 11 =; condition at this tune Further urological examinations indudmg ci'Sto- 
scopic examination and retrograde pi-eJographic studies revealed no abnor- 
mahties The prostatic flmd was normal Durmg the course of the year 
pnor to seeing us the patient had passed red urmes on four or five occasions 

The patient consulted us because no diagnosis had been established 
He stated that he behei-ed that on each instance before passing the dis- 
colored unne, he had “perspired excessively, taken a long walk or eaten spic}’^ 
food ’ The patient finall}- brought a fresh, dark red urme specimen to 
us and microscopic exammation of the sediment of this specimen revealed 
no red cells That the discoloration was not due to hematuria was thus 
fina lly established, spectroscopic exammation and positn*e benaidme and 
guaiac tests showed the presence of hemoglobmuria 

On repeated phj'sical exammations durmg the next two j-ears the spleen 
and h\ er were usually found palpable and there was a definite icteric tint to 
the sclerae and shght jaundice. Otherwise phi-sical e-xamination was com- 
pletely negative. The posture was normal, and there were no orthopedic 
abnormahties m the opinion of an orthopedic consultant There was no 
anemia, the electrocardiographic tracm^ were normal Roentgen ray 
examination revealed enlargement of the spleen and lu'er 

Durmg these two years of study onli* two “spontaneous" attacks of 
hemoglobmuna occurred Durmg the first of these two years, studies 
revealed that frank attacks were produced readily by brisk walks of one 
and one-half miles, durmg the second j ear the tune and distance of brisk 
walkmg required to produce an attack graduaJl)' mcreased so that a 6 3 
mile walk m an hour and a half failed to produce discoloration of the urme 
The patient never noted a red urme after ndmg a bicj-de for several miles 
or after a strenuous game of tennis Detailed climcal and labora tori' 
findmp are reported m the text 

Case 2 H , a college student, 19 years old, with a non-contnbutori' 
family histori' and a histoix' m childhood of pertussis, measles and mumps 
was referred to us for study because of repeated attacks of hemoglobmuna 
which had occurred two j ears previouslj- following three or four mde runs 
durmg the college cross-countrj- trials The first one or two urines voided 
after these runs appeared deep red or brownish red followmg wmch the 
color u-as agam normal The adnson phi-siaan at the college found no red 
cells to account for the color of the urme and found the albumm and guaiac 
tests to be strongb posmve Tne patient usually had abdommal cramps. 
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The bromsulfalein excretion v^&s measured accordmg to the method 
of Rosenthal and WTiite (44) The bihrubin excretion test ixas done 
accordmg to the method of W'eech (45) , a solution containmg 300 mgm 
of bihrubm was mjected mtravenousl3’ and the plasma bilirubm con- 
centrations before and at appropriate inteiA*als after the mjecbon 
were measured bj- the method of MaIIo3' and Evel3'n (38) 

The fragiht5' of the red cells to trauma was tested e5sentiall3'^ ac- 
cordmg to a method used b3^ Aub et al (46) The red cells were 
washed three times with ph3’siological sahne and resuspended in 
salme to give 10 per cent b3'^ volume of red cells The cells of a normal 
subject were similarly treated Duphcate samples so prepared from 
both subjects were placed m test tubes of uniform size and all four 
tubes were rotated together for eight mmutes The samples were 
centrifuged immediately thereafter and the hemoglobm of the super- 
natant saline solution was measured b3'^ the benzidme method 
^Measurements of ox3'gen consumption and of blood lactic acid in 
experiments m which work was performed on the treadmill and bicycle 
ergometer were made m the Fatigue Laboratoiy^ of Harvard Um- 
versit3' under the direction of Dr D B Dill 

OBSERVAXIOlfS AND DlSCXrSSIOX 
OXSICIAL CHARACIESISTICS OF ILARCH HElTOGtOBrNinilA 
Case Reports of Three New Cases 

Case 1 H F , a single man, 28 3’ear3 old, an otherwise well msurance 
broker, with a non-contiibutoiy fairul3’ histoi^- and a histor3' m childhood 
of measles, whooping cough and chicken pox consulted us two }'ears ago 
because he had passed red unne on infrequent occasions durmg the prenous 
two 3'ears On these occasions he had noted the red color m a smgle unne 
specimen, the next unne loided appearing normal He expenenced no 
stTnptoms at the time of appearance of the reddish urmes or at an} other 
time Shortly after the first attack he consulted an urologist who found no 
abnormahties m the urme specimen collected at the tune of examination, 
or m the urinaix* tract A 3'ear later he still occasional!}' noted that his 
urme appeared red or reddish brown, he consulted two other physicians at 
this time, one an urologist Agam the urme specimens exammed, and the 
mmai}' tract appeared normal except that roentgen ray studies showed the 
nght kidney shghtly lower than the left, and the presence of a shght shadow 



ILAUCH HEMOGLOBrSTTRIA 


347 


TTig unne had always been normal at the tune of several routme esamma- 
tions dtuang the year and a half previous to this attack Six years ago he 
had a blood}' urme, diagnosed as hematuna, for three days foUowmg a high 
dive with mjui}' to his back 

Ph}'sical exammation revealed nothing abnormal There was no jaimdice 
The spleen and hver were not palpable The posture was normal There 
was no aneima, routme urme esammations revealed nothmg abnormal, 
the electrocardiographic tracings were no rm al 


TABLE 1 

Citricdl Data tr Ihs Tlrec Cases cf March Bcvo^oiit Jr a of This Study 



CASS: 1 

CASE 2 

case3 

Sei. 

Male 

Male 

Male 

Attacks preapitated b\ 

Walkmg 

Running 

Runnmg 

Age at onset of attacks 

, 26 jTS 

17 JTS 

19 jts. 

Tune to date smee rust attack 

4 yrs. 

2 JTS 

1 JT 

Remission to date 

Partial 

6 

0 

Symptoms mtii attacks 

0 

■^,0 1 

0 

Significant past iustorj 

0 

0 

0 

Familj kiston of fiemoglobmnna 

0 

0 

0 

Chrome icterus 

-r 

JL 

0 

Spleen palpable 

-r 

0 

0 

Liver palpable 

_l_ i 

0 

0 

Anemia 

0 

0 

0 

Posture 

Xonnal 

Xonnsl 

Xonnal 

Other ph3-sC3l findmgs 

Xormal 

Xonnal 

Xonnal 


Three weeks after the first attack of hemoglobmuna the patient ran fii e 
miles m 31 mmutes, the urme was straw colored after the run and contamed 
albumm and no hemoglobm, the plasma was pigmented reddish with hemo- 
globm A year later after a similar run m an mtercoUegiate track meet there 
was hemoglobmemia, albuminuria, and a trace of hemoglobm m the urme 
Detailed laboratory studies are reported m the test 

Resume oj Qititcal Findings m Cases Reported Here 

The three cases of march hemoglobmuna reported here occurred m 
}oimg men aged 17 to 26 years (Table 1) The f amil y and past 
histones were not significant m respect to the attacks of hemoglo- 
bmuna All of the patients had normal posture The athletes 
showed albummuna at no tune except after strenuous runs, the 
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mostly m the right upper quadrant, at the end of those runs following which 
he passed a red unne specimen Occasionally he had these cramps wnthout 
passmg a red unne, and occasionally he passed a red urme without abdominal 
cramps The patient’s urme examined on occasions before these attacks 
had not shown albumm or other abnormahties The urme was found normal 
agam on exammation the day following these attacks Because of the hemo- 
globmuria, the patient gave up competition m this sport Smce then he 
has run shorter distances, or even the same distance at a slower pace without 
developmg hemoglobmuna A red urme had never been noted after skimg, 
playmg tennis, or the performance of any physical exertion other than fast 
runs 

The patient was a strong, muscular youth Ph3'sical exammation revealed 
nothmg abnormal except an ictenc tmt to the sclerae The spleen and hver 
were not palpable Roentgen ra3'’ exammation of the abdomen showed no 
enlargement of the spleen or hver, the right kidne3’’ appeared somewhat 
large, but normal m contour The posture was normal The electro- 
cardiographic tracmg was normal There was no anemia, routme unne 
exammations revealed no thin g abnormal 

On request the patient made three fast runs of one to three miles and 
passed a red unne on each occasion In two instances he developed abdom- 
mal cramps, m the other instance he had no S3Tnptoms Microscopic exam- 
mation of the unnary sediment foUowmg these runs revealed only very rare 
red blood cells The red pigment of the urmes was identified with the hand 
spectroscope as chiefl3’^ oxyhemoglobm The detailed laboratory findmgs 
are reported m the text 

Case 3 K R , a college student, 19 years old with a non-contnbutoiy 
famil3’’ history and a history m childhood of measles, whoopmg cough, 
chicken pox, and mumps, was referred to us for study because of passmg a 
red urme contammg dissolved hemoglobm foUowmg a five and one-half 
mil e run in try-outs for the college cross-country track team He had no 
S3Tnptoms with the attack other than the fatigue usual after such strenuous 
exertion He reported the abnormal appearance of the unne immediately 
to the ph3^ician m the hygiene department, and another urme specimen was 
collected This specimen was light red, contamed only rare red cells, a 
large amount of albumm and show'ed a positive guaiac reaction ^ The 
urme was normal agam the foUowmg day Two weeks later the patient 
ran approximately the same distance agam and passed a straw colored 
urme which contamed albumm but no hemoglobm 

< These data were collected b> Dr Michael E Murray, Jr 
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His Ttrine hrd Elvrays been normal at tte tine oi sereial roume esanina- 
lioas dirmg the year and a tialf previous to this attack. Srr years ago he 
had a bloody urine, diagnosed as hematuria, for three days foUomug a hi^ 
dive vrith injury to his back. 

Pnysical enamination revealed nothing abnormal. There mas no jaundice. 
The spleen and hver mere not palpable. The posture mas nomal There 
mas no anp-r>m routine unne emninations revealed nothing abnormal 
the electrocardiographic tracings mere no m al. 
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Tnree meeks after the first attack oi hemoglobinuna the patient ran five 
mUK in 51 mmutes the unne mas stram colored after the m and contained 
albumin ana no hemoglobin the plasma mas pigmented reddish mith hemo- 
^obm .\ year later after a similar run man intercolle^te track meet there 
mas hemo^obinemm. albuminuria, and a trace oi hemoglobin m the urine. 
Detailed laboratory studies are reported in the test. 


Rcsur-ccf O'r'ccJ Fird'r.gs ‘ir. Ceres Reported Hare 

The three cases of inarch hemogloDinuria reported here occurred m 
young men aged 17 to 26 years (Table 1) The iamilv and past 
histones mere not significant m respect to the attacks o: hemoglo- 
binuna .\11 of the patients had normal posture The athletes 
shomed albuminuria at no tune except after strenuous runs the 
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patient who developed hemoglobmuna on walking showed alhumi- 
nuria only at the tune of hemoglohmuna or after a walk sufficient to 
produce hemoglobineima 

Two of these cases (Cases 1 and 2) had shght chronic icterus (Table 
1) most evident m the sclerae In the case m which hemoglobmuna 
developed on walkmg (Case 1) both the spleen and hver were at times 
palpable when no recent attack had occurred, enlargement of these 
organs was evident also on roentgen ray exa min ation On one oc- 
casion when the spleen was not palpable before exercise it became 
distmctly palpable at the end of exercise which produced hemo- 
globmuria On several other occasions when the spleen was palpable 
before exercise it appeared more enlarged to palpation and percussion 
by two observers, after an attack The hver, barely palpable on 
some occasions before exercise, was on one occasion felt as much as 
three fingers below the costal margm after an attack 

Restew of Literature 'with Comments 

AH of the 40 cases of march hemoglobmuna reported m the htera- 
ture are males ® The mitial attack occurred between the ages of 16 
years and 35 years Several cases have been reported m which at- 
tacks occurred m soldiers on marchmg, for which reason the condition 
has been called “march hemoglobmuna ” 

There are 29 reported cases m which hemoglobmuna was precipi- 
tated by walkmg Foerster (17) reported three cases, Gerhardt 
(15), Koehnan (9) and Witts (27) each reported two cases and twenty 
other mvestigators each reported one case Attacks occurred on 
walks of 15 mmutes to three hours, usually one hour or more Forges 

5 Jehle (47) m 1913 reported two cases of hemoglobmuna, one m a girl eight > ears of 
age and the other in a boy 11 years of age, which he diagnosed as march hemoglobmuna 
A review of the histones and chracal findmgs m these instances indicates strongly’ that 
these patients more hkely had paroxysmal hemoglobmuna from chiUmg (sy-phihuc ty pe) , 
Forges and Stnsower (13) have also expressed this opimon Machlanus (48) m 191 
reported three cases of hemoglobmuna occumng m soldiers followang “exposure to col 
coupled with considerable bodily exertion ” These cases were not diagnosed as cases o 
march hemoglobmuna by’ the author, how ever, they^ ha\ e been referred to as such by other 
authors The descnption of the chnical characteristics of the attacks and the conditions 
under which attacks w ere preapitated mdicate the diagnosis of paroxy smal hemoglobmuna 
from chilli ng in these instances also None of these cases ha\ e been mcluded m the follow- 
ing discussion of march hemoglobmuna 
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and Stnsovrer (12) demonstrated that m therr patient hemoglo- 
binuna occurred after 15 mmutes of fast walking but did not occur 
after one hour of slow walking Attacks m the reported cases usually 
occurred at mtervals of weeks to months Apparent recover}- m most 
mstances has occurred withm a few months to two years In a case 
reported by Koelman (9) apparent recover}- occurred after 16 da}-s 
durmg which five attacks were expenenced on walks of 30 mmutes or 
more, whereas a case reported by Hutts (27) had penodic attacks 
durmg a seven year period and one of Foerster’s (17) cases had attacks 
mtermittently over a penod of 20 years It is mterestmg that no 
cases of march hemoglobmuna have been reported m women 
The duration of walks which produced attacks m Case 1 of our 
study and the frequency of attacks durmg his daily actmt}- accord 
with the usual findmgs For the past } ear and a half, begmnmg two 
and one-half } ears after the onset of attacks this patient has had no 
attacks durmg his dad}- actiMt}-, complete recover}- might have been 
considered to have occurred except that our studies demonstrate that 
some mtravascular hemol}-sis can stdl be produced by a fast walk of 
6 3 mdes i e , some four times the distance premously required for 
production of a frank attack The amount of exercise which a patient 
who has had march hemoglobmuria must tolerate without occurrence 
of an attack m order to be considered recovered, has not been stand- 
ardized 

In the cases reported m the hterature, as m our cases, hemoglo- 
bmuna m a given attack usually is ob\-iou5 for only one or two void- 
mgs Foerster (17) and Finny (20) have reported exceptional cases 
m which attacks of hemoglobmuna lasted for three da}-s foUowmg 
strenuous walks (17) or a strenuous run (20) Klem s (18) case had 
hemoglobmuna for 40 hours, Witts (27) descnbed an attack of hemo- 
globmuna lastmg for 18 hours after the patient ran up and down 1,000 
six-mch steps m 15 mmutes 

Apparently no desensitization occurs after attacks for five attacks 
were produced m four da}-s by walks of 30 to 40 mmutes performed for 
the purpose of study m one of our patients (Case 1) Schellong (19) 
behe\ ed that the condition was improved m his case by a long penod 
of bed rest Kast (2) noted m his case that if se^eral da}-s elapsed 
between attacks a longer penod of walkmg was necessary to produce 
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hemoglobinuria Complete bed rest for three days or the absence of 
attacks for six weeks did not alter the distance of brisk waUung re- 
quired to produce an attack m Case 1 of our senes 
Although only 11 cases have been reported m which hemoglobmuria 
resulted from strenuous runs (8, 11, 20, 28, 30, 31), certam pubhshed 
obser^’^ations together with our own expenence suggest that hemo- 
globmuria occurs more commonly foUowmg this exercise than is 
mdicated by the small number of reported cases Dickmson (8), 
m 1894, reported two cases of hemoglobmuna m athletes, m one, 
attacks occurred after runnmg three miles, m the other an attack 
occurred after a strenuous tenms match This author stated that it 


was recognized m English sport circles that the urme was sometimes 
red after a strenuous run durmg the be ginnin g of tra inin g Attlee 
(28) reported two cases m boys 17 and 18 years of age who developed 
hemoglobmuria on runnmg one or two miles Hantzschel (30) and 
Finny (20) each reported a case m which hemoglobmuna occurred 
after cross-countiy’^ runnmg or after r unnin g strenuously for a long 
tune m a game of football (30) Fisher and Bemstem (31) have ob- 
served a case m which hemoglobmuna occurred after marathon runs 
JundeU and Fnes (11), m 1911, m a study of the mcidence of albumi- 
nuria durmg strenuous exercise observed four cases of hemoglobmuna 
m a total of 39 athletes runnmg races of 10,000 meters (6 2 miles) 
or more That the mcidence of hemoglobmuna after strenuous runs 
IS greater than commonly beheved is suggested by these statistics of 
Jimdell and Fnes (11) and by the fact that Dickmson (8), Attlee 
(28), and the present authors each have seen two patients with this 
manifestation of hemolj'sis foUowmg strenuous runs It is important 
that data which we present below demonstrate that hemoglobmuna, 
the onl}’’ chnical manifestation of hemolysis foUowmg strenuous exer- 
cise, occurs only when the plasma hemoglobm is considerably m- 
creased To obtam further information concemmg the mcidence of 


mtravascular hemolysis m strenuous exercise a statistical quantita- 
tive study of hemoglobmemia and hemoglobmuna foUowmg strenuous 
exerase is now m progress m this laboratory (49) In an unselected 
group of 21 Harvard cross-country runners we have found mcreased 
amounts of hemoglobm m the plasma of nme after runs of 2 6 to 5 1 
miles In these nme the plasma hemoglobm concentrations foUowmg 
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the run ranged from 10 to 47 mgm per 100 c c and averaged 18 mgni 
per 100 c c (49), vhereas the average value we have obtained m a 
large senes of normal mdiinduals is approximately 4 mgm per 100 
c c with no cases with -values higher than 9 mgm per 100 c c Further 
recent studies m this laboraton* (49) have also rev'ealed three cases of 
frank hemoglobmnria m an unselected group of 22 marathon runners 
after a race of 26 miles and 3S5 j'ards, IS of the 22 men showed 
plasma hemoglobm values above normal at the end of this race 
It is mterestmg m this connection that Feigl m 1916 (50) exammed 
the plasma and unne of 27 subjects after an army pack march of 35 
kilometers Twelve of these subjects showed o^-hemoglobm m the 
plasma b 3 ^ spectroscopic anal3’5is, several of these same subjects 
showed small amounts of hemoglobm m the urme b 3 * the benzidme 
test This author made no mention of discoloration of the plasma or 
unne m these cases and quantitative hemoglobm measurements were 
not made (50) Foerster (17) m 1919 suggested that hemoglobmuna 
followmg strenuous marches might be ph 3 'siological An analog 3 ’ is 
the occurrence of albummuna (11, 51) and of decreased glomerular 
filtration (52) durmg strenuous exerases m subjects mth normal 
kidnej’ function and without albummuna at rest or on moderate 
exercise Hastmgs (53) has observed hemoglobmemia m untramed 
dogs after runs of 20 miles on the treadmill Watson and Fischer 
(26) m 1935 suggested that march hemoglobmuna imght be “an 
exaggeration, exemplified m certam predisposed mdixnduals, of a more 
or less naturally occumng phenomenon ” 

There are usuallj’^ no sj-mptoms durmg attacks of march hemo- 
globinuna (1, 2, 3, 5 6, 8 9, 12 14, 15, 23, 28) ather durmg the exer- 
cise which gives nse to the hemolj-sis or durmg the subsequent period 
while hemoglobmvuna persists Chills have not been reported to 
occur Fever has not been reported except m one very' exceptional 
case m which collapse, unconsciousness for an hour, shght rise m 
temperature and hemoglobmuna for three days occurred m an un- 
tramed runner after a strenuous cross-country race (20) In some 
cases the patients have expenenced abdommal pressiue or pam of 
short duration durmg the attack (10, 26, 27), other patients have 
expenenced a “sensation of heaxmess’' (4), or of “drawmg ' (IS, 19), 
or weakness (31) m the lower back, or of pam m the lower back and 
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thighs (15, 17, 18, 31) Two of our cases had no symptoms at the 
tune of the attack In one case (Case 2) cramp-hke pams m the 
abdomen sometunes occurred diumg a run resultmg m hemoglo- 
bmmna, durmg some other runs when no hemoglobmuria resulted this 
patient also had these same S37inptoms 

Smce s}Tnptoms are usually not experienced m patients with march 
hemoglobmuria durmg the exercise occasionmg the hemolysis, the 
patient rarely associates the red urme, which may not be passed until 
hours later, with the exercise This is particularly true in patients 
who develop attacks on waUang, smce the walk occasionmg the attack 
may not be noticeabl}’- longer or brisker than frequently undertaken 

HEMATOLOGICAL OBSERVATIONS 

None of the three cases of this study showed anemia or reticulo- 
cytosis (Table 2) There were no abnormahties of the red blood cells 
The platelet and white blood cell counts were normal The resistance 
of the red blood cells to hypotomc salme solution was repeatedly 
normal Studies m two cases showed no decrease m blood hemo- 
globm or hematocnt durmg attacks of hemoglobmuna (Table 3) 
The white blood ceU count and the resistance of the red cells to hypo- 
tonic sahne were not affected by the attack m one case studied (Table 
3) The fragdity of the red cells to trauma (see Methods) m Case 1 
was not greater than the fragility of a normal control Autoag- 
glutmation of the red cells of Case 1 did not occur when the blood 
was mcubated m the cold, at room temperature or at 37°C Further, 
no hemolysis could be demonstrated m this case when cells of the 
same blood group (Group O) were suspended m the patient’s plasma 
and the mixture similarly mcubated 

The absence of anemia is a characteristic feature of this type of 
hemoglobmuna, only one case with slight anemia has been reported 
(Id) Normal fragihty of the red cells m hypotomc salme has been 
found repeatedly (12, 14, 17, 19, 27, 29) A very slight leukocytosis 
durmg attacks has been reported by some authors (14, 19) , one of our 
cases (Table 3) and a case reported by Witts (27) showed no leuko- 
cjhosis In Witts’ (27) case, as m our cases (Table 3), there was no 
change in red blood ceU count, hematocrit, or blood hemoglobm during 
an attack In the case reported by Fisher and Bemstem (31) the 
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red blood cell count and blood hemoglobin were found shghtlj- lower 
than usual on a day followmg an attack of hemoglobmuria occasioned 
by a marathon run Quantitative studies of blood pigment metab- 


TABLE 2 

Ecr-clc^c^ccl F.rJ rgs r i?t Tnru Ccsts cf March Ecvc^oVr tna 


STOT 

1 CASE 1* ' 

CAST 2 

j turns 

Red blood cells per cu. mni. 

1 5,000 OOO 

6,000 000 

1 5,400,000 

White blood cells per cu. mm. 

10 000 

S,200 

10,500 

Platelets per cu mm. 

555,000 

603,000 


Blood hemoglobin, percentage 

9S 

109 

94 

Hematocnt c-alue, per cent cells 

« t 

45 1 

43 

Rebcnlocvtes per cent o! red cells 

0 3 

0 1 

0 1 

Resistance of red cells to hc-potonic salt solu- 
tions (trace ol hemolesis, per cent salt) 

0 4S 

0 44 

044 

Mean corpuscular %-olume (cu. micra) | 

SS ' 

SO 

SO 

Mean corpjscular hemoglobin (micro-inicro- 
giams) 

31 

2S 

27 

Mean cell diameter (miaa) 

Blooa group (International nomenclature) j 

0 

B 

7 1 

A 


*In Gis« 1 tne red count measured on six occasions dunng mteen months tanged 
between 5 000,000 and 5,250,000, rebculocj-tes on me occasions were 0 0 to 0 S per cent, 
platelet counts on three occas-ons were 517,000 to 749,000, the res-stance of the red cells 
to hj^potonic salme solutions on three occas.oas was normaL 


TABLE 3 


Eer-c!c<’cg-<al Stud ufc lou-rj AtiacSs cf Ee~og'cnrjr-a 


■ 

1 SLO03 Enrociosi> 

EXHATOCXIt 

i 

1 

I vrzTTZ rrii, corvr 

1 j 

EESTSTAKCE TO ETT>0- 
TQV^ SALCTE SOtlT- 

TioN— riAcs: o? 
S3a.OLT£lS 

m 

After 
' cxerci5S 

1 percent 

1 

1 

1 Be!o*« 
j exercise, 
percent 
ceols 

1 

1 

1 \hcr 
[ exercise 
per cent 
[ cells 

j Befcre 
exercise, 
perc: 

Af cr 
exercise . 

; perci 

1 n=i. 

Befo’e 

1 eieicse 

I percesv 

i ^ 

Aite- 

cxercse 

pereex.. 

1 sell 

1 so'-tion 

Case 1 
Case2 




45 7 
> 50 0 

6,670 

6 700 j 50 

■ 


ohsm m the cases of our study as discussed below, demonstrate that 
the \ olume of red cells destroyed durmg an attack m these cases was 
so small that no anemia would be expected 
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thiglis (15, 17, 18, 31) Two of our cases had no symptoms at the 
tune ot the attack In one case (Case 2) cramp-hke pams m the 
abdomen sometunes occurred durmg a run resulting m hemoglo- 
bmuria, durmg some other runs when no hemoglobmuria resulted this 
patient also had these same symptoms 

Smce sjunptoms are usually not experienced m patients with march 
hemoglobmuria durmg the exercise occasionmg the hemol3^is, the 
patient rarely associates the red urine, which may not be passed until 
hours later, with the exercise This is particularly true m patients 
who develop attacks on wa lkin g, smce the walk occasionmg the attack 
may not be noticeabl}’- longer or brisker than frequently undertaken 

HEUATOLOGiaAX OBSERVATIONS 

None of the three cases of this study showed anerma or reticulo- 
cytosis (Table 2) There were no abnormahties of the red blood cells 
The platelet and white blood cell counts were normal The resistance 
of the red blood cells to hypotomc salme solution was repeatedly 
normal Studies m two cases showed no decrease m blood hemo- 
globm or hematocnt durmg attacks of hemoglobmuna (Table 3) 
The white blood cell count and the resistance of the red cells to hypo- 
tonic sahne were not affected by the attack m one case studied (Table 
3) The fragihty of the red cells to trauma (see hlethods) m Case 1 
was not greater than the fragihty of a normal control Autoag- 
glutmation of the red cells of Case 1 did not occur when the blood 
was mcubated m the cold, at room temperatiue or at 37°C Further, 
no hemolj’sis could be demonstrated m this case when cells of the 
same blood group (Group O) were suspended m the patient’s plasma 
and the mixture similarly mcubated 

The absence of anenua is a characteristic feature of this type of 
hemoglobmuria, onl}^ one case with slight anemia has been reported 
(14) Normal fragihty of the red cells m hypotonic salme has been 
found repeatedly (12, 14, 17, 19, 27, 29) A very slight leukocytosis 
durmg attacks has been reported bj’ some authors (14, 19) , one of our 
cases (Table 3) and a case reported by Witts (27) showed no leuko- 
c}*tosis In Witts’ (27) case as m our cases (Table 3), there was no 
change m red blood cell count, hematocnt, or blood hemoglobm durmg 
an attack In the case reported bj* Fisher and Bernstein (31) the 
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been demonstrated (57) that osij-hemoglobm m the unne of dogs 
changes on standing, either m the urmar^- bladder or m \ntro to 
other hemoglobm products Piuggmg of the tubules with hemo- 
globm pigments, hemoglobm casts and a brown sediment m the urme 
are obsen-ed after the mtraveneous mjection of hemoglobm m rabbits 
and m dogs fed an aad diet (58 59, 60), whereas when these animals 
are fed an alkahne diet piuggmg of the tubules does not occur and the 
urme foUowmg such mjections is bright red and clear, and contains 
only oxj'hemoglobm In intro experiments have shown that methe- 
moglobm and a brown preapitate, presumably aad hematm, are 
found after mcubation of oxj'hemoglobm m aad solutions of certain 
salt concentrations (58) We hai'e observed changes m the color 
from red toward brown and precipitation of a browmsh sediment m 
urines contaimng hemoglobm m march hemoglobmuna and other 
conditions when the urmes have stood at room temperature for several 
da^B 

DHTEEESTLVL DLA.G1sOSIS of the PAROXTSMAL HEMOGLOBIKXjlUAS 

When a patient gii-es a history’- of passmg a “pmk,” ‘ red,” or 
“black” urme the differential diagnosis between hematuria, hemo- 
globinuria porphyna (m which the urmaty pigment is urofuchsm®), 
urmary pigmentation resultmg from the mgestion of beets, or from 
the admmistration of phenolphthalem or of neoprontosil must be con- 
sidered A positive benzidme or guaiac test on a urmary spiecimen 
containmg no red cells shoivs the presence of a free hemoglobm (or 
myoglobm) pigment Smce m urmes of very low speafic granty or m 
urmes which have stood for some time free hemoglobm ma}' be derived 
from red cells, the final diagnosis of true hemoglobmuna is made by 
demonstratmg free hemoglobm m the plasma durmg the attack ' The 
expenence of one of our patients (Case 1) who consulted se\ eral physi- 
aans mcludmg two urologists and underwent mtravenous and retro- 
grade pi elographic studies m attempts to account for the history of 

‘ Kark and Meiklejoim (61) hai e recenUj re-emphasized that the red color m the unne 
m porph\Tia is not due to porphvnn, the pigment responsible for the color is urofnchsm 
Rare cases of hemoglob jiuna in the absence of hemoglobinecaia ha\ e been reported 
in patients mth acute nephnUs (62), or infarction of the kidnev (63) , in the hemoglobmuna 
follomng mfarction of the kidnei , hemoglobm is present onlj in the urme from the m- 
farcted kidnei (63) 
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NATURE or HEMOGLOBIN PIGMENTS OF PLASMA AND URINE 

Spectrophotometnc examination of the plasma m two of our cases 
durmg attacks of march hemoglobinuna showed only oxyhemoglobin, 
with no methemalbumm or methemoglobm In blackwater fever 
and m some other clmical conditions associated with hemoglobmemia, 
and especially those m which hemoglobmuria is prolonged, both 
methemalbumm and oxyhemoglobm bands have been observed m the 
plasma by spectrophotometnc exammation (54, 55) It is probable 
that methemalbumm would also be detectable m the plasma, at least 
by the Schumm test (56) m attacks of march hemoglobmuna in which 
the greater amounts of hemolysis occurred In fact Lang and Braun 
(23) reported the presence of a famt band at 645-625 mju, interpreted 
by them as due to the presence of hematm, m addition to oxyhemo- 
globm bands m the serum durmg an attack of march hemoglobinuria 
In the hght of Fairley’s recent observations (56) that hematm does not 
exist free m human serum it is concluded that Lang and Braun’s obser- 
vations probably demonstrated the presence of methemalbumm in 
the serum of their patient 

The fresh urmes voided durmg attacks were usually pmk to dark 
burgundy red, and spectroscopic exammations showed mainly oxy- 
hemoglobin, methemoglobm together with oxyhemoglobm was found 
by spectrophotometnc exammation of one aad urme four hours 
after it was voided (Case 1) In one mstance a fresh acid urme con- 
tamed a small amount of browmsh sediment, presumably acid hematm 
(Case 1) We observed no hemosiderm or hemoglobm casts, and no, 
or only very rare, red cells m the unnaiy sediments 

In reported cases of march hemoglobmuria the urine durmg attacks 
has been vanously descnbed as pmk to dark red and clear, or brownish 
red to dark brown with vanable amounts of brown sediment Ox>'- 
hemoglobm, methemoglobm, and hematm (10, 11, 15, 18, 23) and 
hemoglobm casts (1, 10, 11, 12, 17, 18, 19) have been found ^Hemo- 
sidennuna has been reported by only two mvestigators (2, 17) AH 
mvestigators have found either no red cells or only very rare red cells 
m the urme durmg attacks 

The nature of the unnarj’^ pigments found m attacks of marc 
hemoglobmuna probably depends chiefly on the aadity of the urme 
m the tubules and the freshness of the urme when exammed It has 
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unne specimen of Case 1 , four hours after the urme rras voided, re- 
A ealed a pomt of maxunum absorption at 576 mp shovrmg the presence 
of 03A-hemoglobm and another at 630 mju showmg the presence of 
some methemoglobm ( 67 ) The findmg of pomts of ma x i m um ab- 
sorption at 576 mp m the plasma and urme of these cases establishes 
that the pigmentation iras due to hemoglobm The possibdit}* that 
the pigment iras oxAunyoglobm \ras excluded since the pomt of maxi- 
mum absorption of the alpha band of this pigment is 581 mp ( 68 ) 


TABLE 4 

Oj'! I c cf CcTla r D a^ro^l c Crlrr c Ui I zrd t* lftI^ ) g D>_^ercr!ictl Diagrosis b^tst^r lie 
Ter njs T\l-'s cj So-ccJIcd Parcinsi j/ He" oglob rji~j atd the Ftidirgs n ibe TIrcc 

Caees cf TJ is Sljdy 
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In all three cases hemoglobmuna from dulhng (siplnhtic t\-pe) 
vras excluded there v-as no histon- of si-phihs, Hinton and Kahn 
tests Avere negative and the Donath-Landstemer reaction ivas negatixe, 
m Case 1 immersion of the ami m ice water (Rosenbach test) for 30 
minutes produced no hemoglobmerma or hemoglobmuna The aad 
hemol\-5is test which is diagnostic of paroxx-smal nocturnal hemo- 
globmuna ( 41 ) was negative in the cases of this study. There had 
been no histor\ of ingestion of fa ah beans or exposure to the pollen of 
the taAn. plant (69 70 , 71 ) Tinally attacks occurred m these cases 
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the occasional passage of red urine demonstrates the importance of 
early differentiation between hematuria and pigmentation due to dis- 
solved hemoglobm or other dissolved pigments m patients complaining 
of passmg a red urme 

There is no specific laboratory test for the diagnosis of march hemo- 
globmuna so that the final differential diagnosis must be made by 
ruhng out the existence of the other types of paroxysmal hemoglobi- 
nuria and by demonstratmg that attacks are produced by walking or 

runnmg , 

The German reviewers and more recently Enghsh (27) and Amencan 
(64) authors refer to four types of so-called paroxysmal hemoglo i- 
nuna, namely, paroxysmal hemoglobmuna from chiUing (s^ c 
type), paroxysmal nocturnal hemoglobmuria, march hemog o muna, 
and paralytic hemoglobmuna (now known to be mj oglobinuna; 
In these conditions attacks of hemoglobmuna are endogenous in 
ongm and charactensticaUy recunent Smce favism may be confused 
under certam curcumstances with these other types of recurren 
hemoglobmuna, it will be mcluded m the foUowmg discussion of 
differential diagnosis, m this condition an exogenous factor, narney 
inhalation of the poUen of the fava plant or mgestion of the fava bea 
causes attacks m sensitive mdividuals The hemoglobmunas as^- 
ciated with acute infections, exposure to 

venoms, etc , need not be discussed here, French (60) and x ^ 

(66) have hsted the many diseases and toxic agents givmg 
attack of hemoglobmuna 

Diagnoshc Tests tn Cases of This Report 
A resume of certam cnteria utilized m nia^g 

diagnosis between the vanous types of “ ^^ted m 

globmuna and the results m the cases of this study ar p 

ctrophotometnc studies were employed m 
study to exclude the possibihty that the urme P ^ ^ 

were myoglobm Examination of of maximum ab- 

durmg attacks of hemoglobmuna f mte 

at 576 mu This band corresponds with tnar rep 
SpL baJid of h'uman oxyhemoglobm (67) Exammation of a 
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nocturnal hemoglobinuria This abnormahtA’ is marulested m intro 
by hemoli'sis on incubation ol the washed red cells suspended m 
shghtly aadified heparinized plasma or serum from the patient or 
from a normal individual with blood of the same group This aad 
hemoh-sis test is diagnostic of the condition The susceptibihty of 
the red cells to hemoh-sis m the presence of mcreased aciditi* in this 
condition is manifested clmically by mcreased hemoglobinemia and 
hemoglobmuria during sleep or after the mgestion of acid formmg 
salts (4-1} 

In parox\sr'iiJ ] cr oploh r.iina frotr cl Uttig (siphihric ti-pe) chills 
and fever mscular disturbances and trequently pam in the abdomen 
or back characterize the attacks (401 The parovi-smal attacks occur 
followmg exposure to cold The amount of blood destroied dunng an 
attack 15 frequently sufiaent to give rise to temporary jaundice and 
anemia The Wassermann reaction is almost alwais positive and a 
histori' of si~phihs is usually eliated (40) In the serum of patients 
with the siphihtic ti-pe of hemoglobmuria there is a specinc hemolysm 
which IS actiimted by exposure of the patient to lockl or general cold 
This autohemohsm is detected m intro by the Donath-Landstemer 
test m which a mixture of the patient s serum or plasma with normal 
red ceUs of the same blood group is chilled and subsequently brought 
to body temperature m the mcubator (7S) hemohms under these 
conditions demonstrates the presence of the autohemolimn The 
Rosenbach climcai test m which the patient s feet are immersed m 
ice cold water for about 10 mi n utes (7S1 results m production of an 
attack with tiyical simptoms with or without hemoglobmuria if the 
autohemoli-sm is present In the Ehrhch test a hgature is tied around 
the finger of a patient and this finger is immersed m ice water in the 
presence of the autohemoli-sm there is hemoli-sis in the blood drawn 
from the finger (401 

Recurrent hemoglobmuna is observed in fcz-istr The hemoli-tic 
attack is occasioned m sensitnu mdinduals by the inhalation of pollen 
from the plant ‘ Maa faiu or mgestion of fain, beans The condi- 
tion occurs chieSy m Sardima Sicily and Southern Italv where the 
fai-a plant is grown m abimdarce and the bean is an important constit- 
uent of the cLet (71) In attacks of lainsm associated with hemo- 
globmuna, there are usually obnous anemia jaundice and other en- 
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on walking or running and were reproducible when these exercises were 
repeated 


Resume of Diagnostic Criteria 

In addition to the laboratory tests outhned (Table 4), consideration 
of the chnical characteristics and other features of the vanous so- 
caUed paroxj'^smal hemoglobmunas is essential m determining the 
correct diagnosis 

In parox 3 -smal attacks of myoglobinuria there are chiUs and fever 
and muscular weakness, stiffness and paralysis, and the unne is 
colored red by the dissolved muscle pigment, myoglobm (64, 68) 
The condition is frequently fatal Myoglobmuria m man is extremely 
rare, exceptmg cases of Haffkrankheit,® we have found reports of but 
seven probable cases of myoglobmuria (64, 68, 73, 74), m only one of 
which was the urmary pigment identified spectrophotometrically 
(68) Myoglobm with molecular weight of 16,500 (68) is excreted 
by the kidneys with greater ease than hemoglobm with molecular 
weight of 68,000 (75) so that m cases of equine myoglobmuria the 
plasma is usually not at all or only very shghtly discolored when the 
kidneys are excretmg a dark red urme (76) This findmg is to be 
contrasted with the findmg of a defimte discoloration of the plasma 
durmg the hemolytic attacks m all types of true paroxysmal hemo- 
globmuna That the absorption bands of myoglobm and hemo- 
globm are diflferent has been recognized only withm the last few years 

In chronic hemolytic anemia with paroxysmal nocturnal hemoglobi- 
nuria (Marchiafava-lVIicheh disease) the hemoglobmuria occurs only, 
or IS more severe, durmg sleep, so that the first mornmg urme is most 
deeply discolored There is anemia, jaundice, a constant hemo- 
globmemia of varymg degree, hemosidermuna, and, frequentty, re- 
duced kidney function (41, 64) Ham (41, 77) has recently observed 
a fundamental abnormahty of the red blood cells m paroxysmal 

® Available knowledge indicates that the so-called “hemoglobinuna” of Haffkrankheit, 
a condition indigenous to the environs of Konigsberg, Germanj, which occurs after eating 
fish which contain a bj -product of the cellulose factories there, ma 5 be m>ogIobinuna 
Assmann et al (72) have reported the finding of mj oglobin bj spectrophotometnc eiani- 
ination m the unne of a patient and of a dog with this condition Hamburger and Bern- 
stein (64) have pomted out the similantj between the clmical and postmortem findmgsm 
HaSkrankheit and those m eqmne roj oglobmuna 
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The plasma hemoglobin concentration was highest at the end of 
eserdse and graduall}' decreased to the normal level The rate of 
fall was approxnnatel}' the same as the rate of decrease of plasma 
hemoglobm foUowmg an mtra%-enoii5 mjection of hemoglobm solution 
in normal individuals (Tig 1) (37 79) 

In two of the patients (Cases 2 and 3) the plasma hemoglobin was 
alwaj’s normal being apprommateh' 5 mgm per 100 c c or less ex- 
cept after runnmg In Case 1 the plasma hemoglobm was normal on 
most occasions when no brisk walk had been undertaken (Table 5) , 
on several other similar occasions, however the plasma hemoglobm 
was found to be 10 to 20 mgm per 100 c.c In one instance m which 
the plasma of a control blood sample taken before exercise appeared 
■\-er\’ shghtly hemol3~ed another sample of blood was drawn before 
the exercise and 20 mmutes after this first one The second sample 
of blood likewise showed shght hemobBis and quantitative measure- 
ments showed the hemoglobm of the two samples to be 13 and 11 
mgm per 100 cc respectiinly which findings mdicate that this 
shght hemoglobmerma was actually present m the circulatmg blood 
and did not result from hemolj'sis due to any faulty' techmque m 
ob tainin g; the plasma samples 

Hcjroglohi 1, una 

Hemoglobm was excreted m the unne for one to three hours m the 
attacks of hemoglobmuria completely studied (Table 5 , Tigs 1 and 2 , 
Case Reports) In Case 1 the total urinaiy- hemoglobm excretion 
^■a^ed from 3 mgm to 45S mgm in the five attacks m which the total 
excretion was measured (Table 5), the amount excreted was roughlj- 
proporbonal to the height to which the plasma hemoglobin mcreased 
(Table 5) In Case 2 the total urmaiy' excretion of hemoglobm after 
a one and one-half mile run was 22 mgm (Fig 1) On another oc- 
casion when this patient ran two miles a smgle urme specimen voided 
one-half hour after the run contamed 90 mgm of hemoglobm per 
100 C.C In Case 3 there was no hemoglobmuria on one occasion of 
study after a five mile nm which produced a hemoglobmemia of 27 
mgm per 100 c c 2 mgm of hemoglobm were excreted m the urme 
after another fi\-e mile run which produced a hemoglobmemia of 24 
mgm per 100 c c and considerable albuimnuna (see below) 
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dences of marked blood destruction, chiUs and fever are usually present, 
and the hemoglobmuria lasts from one to three days (69, 70, 71) 

The chnical features and laboratory findmgs m maich hemoglobi- 
nuria have been discussed above and therefore wiU not he repeated m 
this place 

The characteristics of these various conditions leading to recurrent 
attacks of hemoglobmuria differ markedly from each other in many 
respects, so that differential diagnosis can easily be made b}^ appro- 
priate laboratory and chnical studies 

QUANTITAXnrE STUDIES OF BLOOD PIGMENT JtDTABOLISM 

Quantitative studies of the blood pigment metabolism m attacks of 
march hemoglohmuria have not been reported in the literature 
Measurements of the extent and duration of hemoglobmemia and 
bihrubmemia and of hemoglobmuria m attacks m the cases of the 
present study afford information concerning the nature of the attacks 
and the amount of hlood destruction The extent of blood destruc- 
tion durmg attacks has also been estimated from studies of the fecal 
urobihnogen excretion 

Eemoglobtnemia 

Hemoglobmerma was always present at the time of hemoglobmuria 
(Figs 1 and 2 , Table 5) At the end of exercise sufficient to produce 
a pmkish to dark red urme m Case 1 the plasma hemoglobin varied 
from 35 to 210 mgm per 100 c c , the degree of hemoglobmemia durmg 
the eight month period from April to December, 1939, was roughly 
proportional to the distance walked at a given rate, later, progressively 
longer walks were required to produce any hemolysis (Table 5) The 
plasma hemoglobm m Case 2 was 75 mgm per 100 c c at the end of a 
nme imnute run durmg which hemoglobmuria developed (Fig 1) 
In Case 3 the plasma hemoglobm was 27 mgm per 100 c c at the end 
of a five mile run m 31 mmutes, there was a very shght trace of alburmn 
m the urme at this time but no hemoglobm (Fig 1) A j’^ear later the 
plasma hemoglobm was 24 mgm per 100 c c after a five mde run m 
29 5 mmutes, at this time there was a large amount of albumin and a 
trace of hemoglobm, detectable only by chemical methods, m the 

urme 
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Hie plasma hemoglobin concentration vras highest at the end of 
eserase and gradu^y decreased to the normal level The rate of 
fall vras approxunatelj* the same as the rate of decrease of plasma 
hemoglobm foUovnng an mtravenous mjection of hemoglobm solution 
m normal mdividuals (Fig 1) (37, 79) 

In two of the patients (Cases 2 and 3) the plasma hemoglobin was 
alwaj's normal bemg approvunatelj* 5 mgm per 100 c c or less, ex- 
cept after mnnmg In Case 1 the plasma hemoglobm was normal on 
most occasions when no brisk walk had been undertaken (Table 5), 
on several other similar occasions, however, the plasma hemoglobm 
was found to be 10 to 20 mgm per 100 c c In one instance m which 
the plasma of a control blood sample taken before exercise appeared 
verj- shghtlj- hemoh-zed, another sample of blood was drawn before 
the exercise and 20 min utes after this first one The second sample 
of blood likewise showed shght hemol>-sis and quantitative measure- 
ments showed the hemoglobm of the two samples to be 13 and 11 
mgm per 100 c c respectivel}- which findmgs mdicate that this 
shght hemoglobmemia was actually present m the circulatmg blood 
and did not result from hemoliBis due to any fault}* technique m 
obtammg the plasma samples 

HeniOglchiniiria 

Hemoglobm was excreted m the urme for one to three hours m the 
attacks of hemoglobmuna completely studied (Table 5, Figs 1 and 2, 
Case Reports) In Case 1 the total urmaiy hemoglobm excretion 
v*aned from 3 mgm to 458 mgm m the five attacks m which the total 
excretion was measured (Table 5) , the amount excreted was roughly 
proportional to the height to which the plasma hemoglobm mcreased 
(Table 5) In Case 2 the total urmar}* excretion of hemoglobm after 
a one and one-half mile nm was 22 mgm (Fig 1) On another oc- 
casion when this patient ran two miles a smgle urme specimen v oided 
one-half hour after the run contamed 90 mgm of hemoglobm per 
100 c c In Case 3 there was no hemoglobmuna on one occasion of 
study after a five mile run which produced a hemoglobmemia of 27 
mgm per 100 c c , 2 mgm of hemoglobin were excreted m the urme 
after another five mile nm which produced a hemoglobmemia of 24 
mgm per 100 c c and considerable albummuna (see below) 
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In Cases 1 and 2 paak to red trines vere voided after eserdse trhidi 
orodnced plasma hemoglobin levels as lotr as 35 and 75 mgm per 100 
cc. respectively. On the other hand when hemoglobin solut-ons 
are injected intravenojsly in normal inditndt.al5 hemoglobinuria 
does not occur at levels of nlasma hemoglobin oi less than somewhat 
over lOO mgm per 100 c c and ma\- not occirr at levels of even 200 
mgm per iOO c c. '37 79! To discover whether this dmerence was 
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ceperdent upon conc-tions p-oducea by the attack itself or wnether 
cemog’oDmar'a m gnt occur at similarly low levels o: nlasma hemo- 
gioOm m cases o: marcU remogioDmuna regarcless o: now it was 
p-oa-ced an mtravenous miecnon of nemog’ooin soluton suinc ent 
m aniomt to p-cc_ce a p’asma nemog'obm coacentmnor o* 50 mmr 
ne” lOI cc was acnin stc'ec m Case 1 nemoa^oo'ru~a occ_rred 
a te- tns irject on F g 1 a!mr>..ch the p’asma hemorlonm corcen- 
tra— OP ’ms 'ess tna’^ ral. tre lo'^csr *evcl ooscreec to nmu—cc rcmo- 
c’oor- --a m ronral ~c wc-as 
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Tic 1 Tiir Plasma Hcmoglodin and Bilirubin Concentrations and the Urinary Output of Hemoglobin and Ai bumin 
DURING Attacks op March Hemoglobinuria in the Tiirec Casts of Tins Study, Compared with the Findings after 
Intravenous Injections op Hemoglobin Solution in a Normal Individual and in One op These Cases or March Hlm- 
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Case 3 the bilirubin increased less than 0 2 mgm per 100 c c one and 
one-half hours after a run in which the plasma hemoglobm was ele- 
cted to 27 mgm per 100 cc (Fig 1) The plasma bihrubm in- 
creases of from 0 5 to 1 S mgm per 100 c c in Cases 1 and 2 following 
hemoglobmemia of 46 to 75 mgm per 100 c c produced b}' exercise 
were distmctl}’^ greater than the bilirubm mcreases of 0 1 to 0 2 mgm 
per 100 c c observed foUowmg hemoglobinerma of a sunilar extent m 
normal mdmduals after the mtravenous mjections of hemoglobm m 
solution and were of approximately the same order of mcrease as ob- 
served m patients with cholelithiasis, cirrhosis of the hver, or severe 

TABLE 6 


EscTelton of XJTohihnogen in Unne end Stool of Case 1 


DATE 

1939 

UEOBILI- 

^oGE^ or 

URIKE, 
ICCK FEE 
DAY 

UROBXLX 

socES or 

STOOL, 
MGSl PEE 
DAY 

EEUASES 

September 26-27 inclusive 


133 

No attacks of hemoglobmuna 

October 1-3 mclua% e 


106 

No attacks of hemoglobmuna 

October 4-6 inclusiv e 


156 

Attack of hemoglobmuna on 
October 4 

December 2 

2 3 


No attack of hemoglobmuna 

December 3 

3 S 


No attack of hemoglobmuna 

December 4 

0 s 


Attack of hemoglobmuna 

December 2-3 inclusi\ e 

j 

132 

Two attacks of hemoglobmuna, 
one on December 4, and the 
other on December 5 


congestn e heart failure (37, SO) after similar degrees of hemoglobmemia 
had been mduced by mtravenous mjections of hemoglobm m solution 
This observation is mterpreted as demonstratmg decreased bilirubin 
excretory rate m these 2 cases, also demonstrated followmg m 3 ection 
of bihrubm mtravenously accordmg to Weech’s test (45) m one of these 
(Case 1) 

TJrolihmgcn Excretion 

The unnarj' urobilinogen output m Case 1 was normal both on daj"s 
when no attack of hemoglobmuna occurred and on a day when an 
attack occurred (Table 6) The stool urobilinogen output was like- 
wise within normal limits both m periods of study when no attack of 
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In Case 3 a urine of normal color but which contamed 3 mgm of 
hemoglobm per 100 c c was voided after a run producmg a plasma 
hemoglobm level of 24 mgm per 100 c c Sundarl}' m Case 1 a unne 
of normal color but which contamed an immeasurable trace of hemo- 
globm giiang a famtl}' positive benzidme test was voided after a 6 3 
mile wait which produced a plasma hemoglobm of 20 mgm per 100 
c c That small traces of hemoglobm appeared m the unne at these 
low levels of plasma hemoglobm m the presence of considerable 
albummuria due to exercise (11, 51) accords with our previous findmg 
that traces of hemoglobm escape mto the unne when low levels of 
plasma hemoglobm are mduced b 3 ' mtravenous mjections of hemo- 
globm solutions m patients with pre-existent albummuria resulting 
from congestive heart failure (37) 

Bibriihinenna 

The concentration of bihrubm m the plasma was elevated above 
normal at all tunes m two of the cases (Cases 1 and 2) In Case 1 
the bihrubm concentration of the plasma on occasions other than dunng 
or short!}' after attacks of hemoglobmuria varied from 17 to 3 0 
mgm per 100 c c (Table 5), the values in Case 2 varied from 1 6 to 
3 5 mgm per 100 c c The bihrubm of Case 3 was normal, bemg 
0 3 mgm per 100 c c The ^mn den Bergh reaction was indirect m 
aU cases The bihrubm excretion test performed m Case 1 accordmg 
to the method of Weech (45) showed a distmctlj decreased excretori 
rate for bihrubm, the velocity constant for the disappearance of 
bduubm bemg 0 55 X 10~^ mgm umts as compared with values of 
over 2 0 X 10“’ found m normal mdmduals (45) 

In ail three cases the plasma bihrubm gradually mcreased after 
exercise producmg hemoglobmemia, reached a peak m three to fiie 
hours and subsequently gradually returned to the control level (Table 
5, Fig 1) In three experiments m Case 1 m which the plasma hemo- 
globm mcreased to from 46 to 74 mgm per 100 c c and hemoglobi- 
nuna occurred followmg a walk, the bihrubm increased 0 5 to 1 8 mgm 
per 100 c c above the pre-exercise level In Case 2 the bihrubm 
mcreased above the control level by 0 6 mgm per 100 c c m the 
four hours after a run which produced hemoglobmuria and a plasma 
hemoglobm concentration of 75 mgm per 100 cc (Fig 1) 
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The above calculations based on the quantitative plasma and urme 
hemoglobm fin ding s demonstrate that the red ceU mass hemolyzed 
mtravascularty dunng the attacks of hemoglobmuria was small 
Further, the fin din gs of the absence of change m the hematocnt and 
blood hemoglobm values durmg attacks (Table 3) (27) together with 
the findmg of normal urobilmogen excretion'® m the stool durmg 
periods of study m which one or two attacks of hemoglobmuna 
occurred m Case 1 (Table 6) afford no evidence that any appreciable 
amount of blood was destroyed extravascularly, i e , m such a manner 
that the hemoglobm was not released mto the plasma The very 
shght and transient mcrease m plasma bffirubm of Case 3 foUowmg a 
run producmg hemoglobmemia (Fig 1) also is evidence agamst the 
occurrence durmg attacks of any appreciable hemolyrsis m addition to 
that givmg rise to the hemoglobmemia The findmg that the m- 
creases m plasma bihrubm concentration foUowmg attacks m the 
patients with chrome hyperbihrubmemia (Cases 1 and 2) were larger 
than occur m normal mdividuals followmg a similar degree of hemo- 
globmerma mduced by mtravenous hemoglobm mjections is mterpreted 
as due to decreased rate of excretion of the bihrubm denved from the 
hemoglobm released mto the plasma durmg the attacks, and not as 
due to additional extravascular hemolysis The absence of chrome 
hemoglobmemia, of anemia and of reticulocytosis m these cases, and 
the normal fecal urobilmogen output of Case 1 afforded furthermore 
no evidence of abnormal total blood destruction m the absence of 
attacks 

The relatively small amounts of blood usually hemolyzed durmg 
attacks and the infrequency with which the attacks occur m patients 
with march hemoglobmuna explam the absence of anemia m cases 
with this syndrome 

KENAL rxmenON STUDIES 

Unne analyses m the absence of attacks showed completely normal 
findmgs m all three cases There was no albumm m the urme, the 
sediment was normal and the specific gravities were variable, with 
high \ alues on one or more occasions m each case 

The amount ol blood destrot ed intravascularl> during an attack ob\nousb would 
not be suEaent to produce a definite increase abo\e normal m the fecal urobilinogen 
excretion for a three or four da> period 
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hemoglobmuna occurred and m periods which included attacks of 
hemoglobinuria (Table 6) 

The Amount of Blood Hemolyzed During Attocks 

From the values of the plasma hemoglobm concentration at the end 
of exercise and the plasma volume® the total amount of hemoglobin 
released from red cells dunng the attacks of hemoglobmuna has been 
estimated It is assumed that all of the hemoglobm released is present 
m the plasma at the end of exercise The rate of disappearance of 
hemoglobm from the plasma is sufficiently slow to allow this assump- 
tion, the amount of hemoglobm excreted by the kidney durmg the 
penod of exercise m these cases is msigmficant m this connection, 
amounting to from 0 001 gm to 0 319 gm (Table 5, Fig 1), i e , the 
hemoglobm equu'alent of approximately 0 003 to 1 0 c c of red cells 
It is assumed that mtravascular hemolj^is ceased on termmation of 
the exercise smce the plasma hemoglobm decreased after attacks at 
the same rate as after a smgle mtravenous mjection of hemoglobm 
solution producmg a similar amount of hemoglobmenua m normal 
mdi\aduals (Fig 1) (37) 

In attacks of hemoglobmuna m Case 1 m which the plasma hemo- 
globm at the end of exercise raried from 35 to 210 mgm per 100 c c 
calculations accordmg to the above considerations show that from 
1 0 to 6 3 gm of hemoglobm were hberated mto the plasma This 
corresponds to the hemoglobm of from 6 to 40 c c of the patient’s 
blood, or approximately half this volume of red cells Similarl}’ m 
Case 2 m whom the plasma hemoglobm was 75 mgm per 100 cc 
at the end of a run it is estimated that 2 5 gm of hemoglobm were 
released, correspondmg to the hemoglobm of approximate!}' 16 c c of 
blood or 8 c c of cells 


Comment 

The total amount of hemoglobm excreted m the urme dunng the 
penod of hemoglobmuna was alwa}'3 less than 10 per cent of the to^ 
amount of hemoglobm released mto the plasma (Fig 1, Table 5) 

® The blood volume •svas estimated from the erage normal i-alues, according to sun-ce 
area, as gi% en bj Gibson and Evans (Si) , the plasma \ olume mas then estimated from this 
calculated value for blood % olume and the hematocrit a-alue. 
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be "albumin (Table 7) “Albummuna” also occurred durmg bemo- 
slobuiuria produced bv an intravenous hemoglobm injection m Case 
1 (Table 7) 

The effect of attacks of march hemoglobmuna on the urea clearance 
was measured on two occasions The urea clearance m the absence 
of attacks was normal and the production of hemoglobmuna by 
bnsk walks did not alter the clearance (Table 8) 

In other cases of march hemoglobmuna albummuna has also been 
reported to occur foUowmg exercise msuffiaent to produce hemo- 

TVBLE S 


Sljdjes cf Ejects cf 4 Hacks of Bcr-oglchrjra or Urea Clearai cc of Case I 


DAIZ 

TTVT- 1 

i 

ACITVTTT 

1 rxivr 
voLric: 

1 cc-prs 
vzs 

1 rsTA 
rtT-ujoccr, 


12/-1/39 

S 20\-9 30 \ 

Sitting 

0 3S 

134 (S)* 



9 30A-10 llA 

Sitting 

2 37 

91 (M) 



10 lU-11 00\ 

L>mg 

1 53 

S3(S) 



11 00\-ll 55 \ 

Lnag 

1 53 

94 (S) 



11 554-1 15P 

Standing 


74 (S) 



1 30P-3 OOP 

40 mmute 

0 35 1 

93 (S) 

Hemoglobmuna 



j brisk nalL i 

i 




3 lOP-4 20P 

1 Sitting 1 


131 (S) 1 

Hemoglobmuna 

12/5/39 

9 204-10 054 

1 

1 S tting 


92 (S) 



10 054-10 564 

40 mmute 


131 (S) 

Hemoglobmuna 



1 btiik-ralk 





10 564-12 03P 

i S’tting 


136 (S) 

Hemoglobmuna 


* “S” agmfies standard deaiance, “il” signifies maximum deaiance 


globmuna (2, 19, 24, 26) Schellong (19) reported that a small 
amount of a j-ellowish sediment, detected microscopically and which 
he believed contamed hemoglobm pigment, appeared even before the 
albummuna after exercise m his patient The absence of albummuna 
at rest or on standmg m our patients accords with reported findmgs 
Rosenthal (10) and Schellong (19) noted small urme volumes m their 
cases durmg the penod of hemoglobmuna, the urme volumes m our 
cases durmg attacks ^-aned from 0 2 c c per mmute to 2 50 c c per 
mmute Studies of the urea clearance have not been reported m other 
cases 
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The mtnc acid, and heat and acetic aad tests for albumin were 
strongly positive in aU the urme specimens contaimng hemoglobm 
On some occasions protem contmued to be excreted m the urme m 
small amounts for about an hour after hemoglobm excretion ceased 
(Table 5, Fig 1) In two mstances (Cases 1 and 3) protemuna 
occurred after exercise which produced shght hemoglobmemia but 

TABLE 7 

Quanitlahve Sittdtes of Albttmiruna during Attacks of Bemoglohntirta in Cases of Tins Study 


T72IhA2\ rtKDDsCS 


CASE 

DATE 

TIME 

Total 
protein, 
mgm per 
100 cc. 

Hemo 
globin, 
mgm per 
100 cc 

“Albu 
nun,” 
mgm per 
100 cc. 

1 

12/5/39 

Before walk 

0 

0 

0 



End of 3 nule walk in 40 minutes 

64 

18 

46 



1 hour after ivalk 

171 

82 

89 


7/17/40 

Before intra%enous injection of 

0 

0 

0 



hemoglobin in solution 






J hour after mjecbon 

82 

12 

70 



1 hour after mjection 

28 

3 

25 



IJ hours after mjection 

0 

0 

0 


1/8/41 

Before walk 

0 

0 

0 


1 

End of 6 3 mile walk m 90 nunutes 

342 

1 

341 

2 

2/2/40 

Before run 

0 

0 

0 



End of IJ mile run m 9 nunutes 

332 

43 

2S9 



1 hour after run 

272 

34 

238 



2 hours after run 

9 

0 

9 

3 

10/17/40 

End of 5 mile run m 30 nunutes j 

148 

3 

145 


no hemoglobmuria (Table 5, Fig 1) At the end of the one and one- 
half rmlp and five mile runs the urmary sediments of the two runners 
showed occasional w^hite blood cells, rare casts, and rare red blood 
cells Quantitative measurements of the total protem of the unne 
voided durmg attacks of hemoglobmuria (Cases 1 and 2) showed 
higher concentrations of total protem than of hemoglobm as measured 
by the benzidine method, the hemoglobm \alue was subtracted from 
that of the total protem and the remaming protem was considered to 
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findings do not conform llo^e^-e^ to the heretofore described instances 
of famihal non-hemolytic laundice in •which splenomegaly and hepa- 
tomegaly ha've been lacking (82) The diagnosis of famihal hemolytic 
jaimdice is excluded b^- the normal hematological findings in both the 
brother and the sister as 1X611 as by the normal fecal urobilinogen ex- 
cretion of the brother (Case 1) The possibihU* of cirrhosis of the 
hver in Case 1 cannot be excluded entirely 
The apparent increase in the size of the spleen and hi'er during 
attacks of march hemoglobmuna in Case 1 and of the li\-er in Porges 
and StnsoTxers (13) patient may be a result of the hemolidic attack 
and unassoaated ■with the etiology of the attack. The spleen and 
h-xer in Case i remamed as large for some hours after the attack as 
they ■were at the end of exercse although hemolysis stopped ■with the 
termination of exercise In attacks of hemoglobinuria m blackwater 
iei^er (85). in paroxi^smal hemoglobmuna due to c hillin g (40), and in 
iavfsm (711, the spleen ana hver also enlarge The fact that the 
spleen and hver were palpable before exercise in Case 1 may have 
facfiitated detection of the change after exerase In the other cases 
o: this study these organs were not palpable before or during attacks 
of hemoglobmuria. 

XEE ixn.rExcn or sostvke dctjcxg rxErasr ox the rsonrcuox or 

.VIT.-iCS 5 or SnVRCH EniOGLOBIXCSlA 
Stjd.cs ,n i’c Cases cf TJ iS Report 

-111 three cases oi this study noted attacks of hemoglobmuna onlv 
after brisk ■walking fCase 1) or strenuous r unnin g for considerable 
Gistances (Cases 2 and 31 and never after any other phr-sical actfidties 
Studies were made to define more clearly the condiPons necessaiv for 
producton o: the attacks oi hemoglobmuria. 

In one athlete who developed hemoglobmuna after runs of one and 
one-half miles in rune rmnutK (Case 2) the plasma hemoslobin ■was 
not elexated after a ■walk oi three and one-half nules m 45 mmutes 
and no hemoglobm or albumin appeared in the urme. In Case 3 the 
plasma hemoglobm ■was normal and no hemogloDinuna or albuminuria 
occurred after a b.cx-cle nde oi some four miles m approximateh- 45 
mmutes 
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EsCTDEXCE AXD SIGXIFICA^CE OP JAGXDICEj SPUEXOlIEGAiA, AKD 
HEPAXOiCEGAiY IN’ HAUCH HEMOGiOBIKDEIA 

Although chronic mild jaundice and hj'perbilirubineinia icere 
present m two of the cases (Cases 1 and 2) of tins senes, this finding is 
not characteristic of march hemoglobmuna for only one other case 
with shght jaundice (12) has been reported No plasma bihrubm 
value was reported in this latter case (12) Plasma bilirubm i-alues 
m four other reported cases (23, 26, 27, 31) were normal 

Evidences that the bihrubm excretoiy’’ rate m Cases 1 and 2 of our 
senes was decreased are presented above The bromsulfalem excre- 
tion was normal m Case 1 Porges and Stnsower (13) and Wdtts 
(27) have reported mcreased urobihnogen excretion m the unne 
foUowmg attacks, quantitative x^alues are not given Quantitative 
studies in Case 1 of our senes revealed normal unnarj'’ urobilinogen 
excretion both m the absence of and diumg attacks There was no 
bile m the urme at an}* time m the three cases of our senes 

In Case 1 of the present stud)' the spleen and hver were palpable 
both before and after attacks and appeared enlarged on X-ray ex- 
ammation A palpable spleen has not been noted m any reported 
cases of march hemoglobmuna, shght enlargement of the hi'er m 
the absence of an attack has been reported m onlj' one case (19), 
m another reported case (13) the hver became palpable after a penod 
of several da 3 's dunng which daily attacks of march hemoglobmuna 
had been precipitated 

These findmgs of moderate hepatomegaly and splenomegal)’ m one 
of the cases reported here (Case 1) and of mild jaundice m two of these 
(Cases 1 and 2) are, accordmgly, unusual m march hemoglobmuna 
The chrome hepatomegaly and splenomegaly m Case 1 cannot be 
asenbed to the repeated attacks of hemolj'sis smee other patients 
with march hemoglobmuna who have had more frequent attacks oier 
a long penod of time do not show chronic enlargement of these organs 
The sister, the only siblmg of this patient (Case 1), on two examma- 
tions SIX months apart, showed shghtly mcreased plasma bihrubm 
values, 1 e , 1 1 and 1 5 mgm per 100 c c , the plasma hemoglobm on 
both occasions was normal This findmg of slight hjTierbihrubmemia 
in the sister suggests a familial tendency toward jaxmdice The 
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findings do not conform, hoii ever, to the heretofore described mstances 
of famihal non-hemoljdic jaundice m which splenomegaly and hepa- 
tomegaly have been lackmg (82) The diagnosis of famihal hemolytic 
jaundice is excluded by the normal hematological findmgs m both the 
brother and the sister as well as by the normal fecal urobdmogen ex- 
cretion of the brother (Case 1) The possibihty of cirrhosis of the 
hver m Case 1 cannot be excluded entirety 
The apparent mcrease m the size of the spleen and liver during 
attacks of march hemoglobmuria m Case 1 and of the hver m Forges 
and Strisower’s (13) patient may be a result of the hemolytic attack 
and unassociated vnth the etiology of the attack The spleen and 
hver in Case 1 remamed as large for some hours after the attack as 
they were at the end of exercise, although hemolj^is stopped with the 
termination of exercise In attacks of hemoglobmuria mblackwater 
fever (83), m paroxj^smal hemoglobmuria due to chiUmg (40), and m 
favism (71), the spleen and liver also enlarge The fact that the 
spleen and hver were palpable before exercise m Case 1 may have 
facilitated detection of the change after exercise In the other cases 
of this study these organs were not palpable before or durmg attacks 
of hemoglobmuria 

THE INELirENCE OE POSTURE DURING EXERCISE ON THE PRODUCTION OF 
ATTACKS OF MARCH HEMOGLOBINURIA 

Studies in the Cases of This Report 

All three cases of this study noted attacks of hemoglobmuria only 
after brisk walkmg (Case 1) or strenuous runnmg for considerable 
distances (Cases 2 and 3) and never after anj’- other physical activities 
Studies were made to define more clearly the conditions necessary for 
production of the attacks of hemoglobmuria 

In one athlete who developed hemoglobmuria after runs of one and 
one-half miles m nme mmutes (Case 2) the plasma hemoglobm was 
not ele\ated after a walk of three and one-half miles m 45 mmutes, 
and no hemoglobm or albumm appeared m the urme In Case 3 the 
plasma hemoglobm was normal and no hemoglobmuna or albuminuria 
occurred after a bicjcle ride of some four miles m approximately 45 
mmutes 
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In Case 1 the significance of the history of bicycling for considerable 
distances without development of hemoglobmuna was tested by means 
of ergometnc studies It was desned to establish whether the inten- 
sity of exertion rather than the tj^e of exercise might be the control- 
hng factor m the production of attacks Experiments^ were done on 
the bicycle ergometer m which the load was so adjusted that the o^gen 
consumption durmg ridmg was at first approximately the same and 
then considerably greater than that durmg walkmg which produced 
hemoglobmuna After 25 mmutes of work on the bicycle, durmg 
which time the average pulse rate was 112 beats per mmute and the 
oxygen consumption was 1 10 hters per mmute, the urme showed no 
hemoglobm or albumm (Table 9) After coUecPon of the urme speci- 
men the patient returned immediately to the bicycle and contmued 
work with a greater load for 14 more mmutes, durmg which the pulse 
rate rose to 160 beats per mmute and the oxygen consumption to 1 65 
hters per mmute The patient became very tired and perspued 
profusely A blood sample drawn at the end of this work shoned less 
than five mgm of hemoglobm per 100 c c and the urme showed no 
hemoglobm or albumm A half hour after this exercise on the bicycle 
the patient took a 35 mmute bnsk walk of two and one-half miles at 
the end of which he passed a red urme contammg 50 mgm of hemo- 
globm per 100 c c The plasma was red and contamed 54 mgm of 
hemoglobm per 100 c c The average pulse rate durmg this walk “was 
86 beats per mmute, the patient was not tued, nor was he perspmng 
at the end of the walk 

These controlled experiments showed that work of a greater extent 
and longer duration than that necessary to produce hemoglobmuna 
on walkmg could be performed on the bicycle without any evidence of 
abnormal hemolysis whatsoever The possible importance of body 
position durmg work for the production of hemolysis m this case was 
suggested by this observation Accordmgly, the effectiveness of body 
position alone and of body position durmg walkmg m the production 
of hemolysis was tested Standmg still m the upnght position for one 
hour and for one and one-quarter hours produced no hemolysis (Table 
9) In three experiments no hemolysis occurred when the patient lay 

We are grateftil to Dr D B Dill through irhose kmdness and helpful assistance the 
espeninents on the bici de ergometer and treadmill were made possible 
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In Case 1 the significance of the history of bicycling for considerable 
distances without development of hemoglobmuna was tested by means 
of ergometnc studies It was desired to estabhsh whether the mten- 
sity of exertion rather than the type of exerase might be the control- 
hng factor m the production of attacks Experiments^^ were done on 
the bicycle ergometer m which the load was so adjusted that the oxygen 
consumption durmg ridmg was at first approximately the same and 
then considerably greater than that durmg w alkin g which produced 
hemoglobmuna After 25 mmutes of work on the bicycle, durmg 
which time the average pulse rate was 112 beats per mmute and the 
oxygen consumption was 1 10 hters per mmute, the urme showed no 
hemoglobm or albumm (Table 9) After collection of the urme speci- 
men the patient returned imm ediately to the bicycle and contmued 
work with a greater load for 14 more mmutes, durmg which the pulse 
rate rose to 160 beats per mmute and the oxygen consumption to 1 63 
hters per mmute The patient became very tued and perspured 
profusely A blood sample drawn at the end of this work showed less 
than five mgm of hemoglobm per 100 c c and the urme showed no 
hemoglobm or albumm A half hour after this exerase on the bicycle 
the patient took a 35 mmute bnsk walk of two and one-half miles at 
the end of which he passed a red urme contammg 50 mgm of hemo- 
globin per 100 c c The plasma was red and contamed 54 mgm of 
hemoglobm per 100 c c The average pulse rate durmg this walk "was 
86 beats per mmute, the patient was not tued, nor was he perspumg 
at the end of the walk 

These controlled experiments showed that work of a greater extent 
and longer duration than that necessary to produce hemoglobmuna 
on w alkin g could be performed on the bicycle without any evidence of 
abnormal hemolysis whatsoever The possible importance of body 
position diumg work for the production of hemolysis m this case was 
suggested by this observation Accordmgly, the effectiveness of body 
position alone and of body position durmg walkmg m the production 
of hemolysis was tested Standmg stiff m the upnght position for one 
hour and for one and one-quarter hours produced no hemolysis (Table 
9) In three experiments no hemolysis occurred when the patient lay 

u We are grateful to Dr D B Dill through whose iundness and helpful assistance the 
experiments on the bicj cle ergometer and treadmill were made possible 
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Expenments were performed in Case 1 and m two normal mdund- 
uals to discover whether hemolysis might occur locally when exercise 
ot the hand was pertormed in the presence ot stasis of the venous 
blood ol the arm A blood pressure cuS was apphed to the arm above 
the elbow and pressures ol trom 45 to 200 mm ol mercuri' imposed m 



Fig 3 PHoroctLWH Seowinc tee Mode*htel\ Kytfotic Posttre Ivposed b\ the 
REVOTA.SLE Pl_\STE- J WVET IN WHICH THE P-.TIEN'T (CiSE 1) W'l.LEED TOR 30 
MrSVTES ON THE TrE-UIMIEE WnEOUT Pfobection of en Attick or Merch Hevo- 
CLOBrcWJ^ 


Ewnous expenments The exercise was penormed b\ lorcibly opening 
and closing the hand or b]. rapid intermittent squeezing ol a rubber 
bulb m the hand to the point ot pain and exliaustion ol the muscles 
In three expenments in two normal indmduals pressures ol J-5 to 55 
mm 01 mercurx were applied in two of the three expenments the 
tourniquet was applied lo’- 10 to 12 minutes be ore starting the cxer- 
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on his back for 40 to 60 minutes m the normal posture or in a lordotic 
posture imposed by proppmg the small of the back (Table 9) On the 
days when these studies were made a hemolytic attack could always 
be produced when the patient walked m the normal position for 30 
mmutes or more 

The effect of body position durmg walkmg m Case 1 was tested by 
notmg the effects of imposmg a slightly or moderately kyphotic 
posture by means of removable plaster jackets ^ With the plaster 
jacket producmg a very shghtly kyphotic position a walk of three 
mdes m 40 mmutes stdl produced hemoglobmemia and hemoglobmuna 
The extent of hemolysis due to this walk, however, was less than that 
which had occurred on the previous day on a similar walk with no 
j'acket (Table 9) On the day foUowmg this walk m the shghtly 
kyphotic position, a plaster jacket which imposed a somewhat greater 
kyphosis (Fig 3 ) was applied and the same walk was undertaken On 
this occasion no hemoglobmuna resulted and the plasma hemoglobin 
rose to only 24 mgm per 100 c c compared with 46 mgm with the 
first jacket and 111 mgm with no jacket (Table 9) 

A further and more convmcmg demonstration of the effect of posture 
on the development of hemolysis on walkmg was obtamed by treadmill 
experiments m which the oxygen consumption was measured during 
two walks of 30 mmutes each, one m the moderately kyphotic position 
with the plaster jacket (Fig 3), and the other without the jacket No 
hemoglobmemia or hemoglobmuna resulted from the 30 mmute walk 
m the moderately kyphotic position, whereas an mcrease m the plasma 
hemoglobm to 35 mgm per 100 c c and hemoglobmuna resulted from 
a walk of the same duration with the same speed of the treadnuU m 
the normal upnght posture (Table 9) In this latter experiment a load 
of the same weight as the jacket was earned on the back The 
oxygen consumption m the kyphotic posture durmg exercise on the 
treadmill was 1 78 hters per mmute, m the normal upright position 
1 15 hters per mmute 

The above findin g that hemolytic attacks m Case 1 could be pre- 
vented by unposmg the kyphotic position durmg the walk, and other 
considerations discussed below, suggested the possibihty that stasis 
of blood durmg exercise might be the cause of the hemolytic attack 

u We are indebted to Dr Robert Dim for orthopedic adnee and for making these 
jackets 
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of the Iczebar sphie havs been reported (15 19. 27 31) most cases as 
those of the present study have no postural abnoroaLties Fisher 
and Bernstein (31) have commented on the exaggerated lordotic 
posture assumed by their patient -K-hle running. 

Forges and StrfsoTrer (12 13) reported a case in tdiich attacks of 
hemoglobmuna occurred after one-quarter hour of fast rraiking in the 
tuual upright position but did not occur after strenuous tvalking for 
several hours in the kyphotic position Schellong (19) also reported 
a case in vriiich an attack did cot develop vrhen the patient walked 
in the kyphotic position In two patients studied by Foerster (17) 
in Oehme s (21"^ patient, and in Witts (27) patient no eEect of posture 
on the development of attacks could be demonstrated Xo hemo- 
globinuria has been produced in cases with this s^mdrome by standing 
still in the upright or m a forced lordotic posture (Case 1) (12 13 IS 
19) or by bung in a forced lordotic posture (Case 1) (12) eien when 
the legs were moved as though walking (12) Albuminuria did occur 
on standing stfll in two reported cases (12 Ik) In Case 1 of our study 
it was also demonstrated that no hemoglobmemia was produced b\* s till 
standing or by lying m a forced lordotic posture The exoeriments 
on the bicj'cle ergometer and the treadmill in Case 1 of our series 
(Table 9) demonstrated conclusi\-ely the e£ect of posture on the pro- 
duction of hemoglobmuna dunng exerase It is interesting that 
although runs of only one and one-half miles in nine minutes caused 
frank attacks of hemoglobmuria in Case 2 a walk of 5 5 miles in 45 
minutes failed to produce any hemoglobinemia whether a dinerence 
m posture dunng these exercises was of importance was not established 

CETnaii. Review or Teeosies KEGERDrxG the Etiology 
Or iLiRCE HEMOGLOBrsnOA 

The absence of any uniform abnormabPes in cases of march hemo- 
globmuria the absence of any charactensPc simptoms dunna attacks 
the fact that the condition is benign so that autopsi- studies are not 
a^-allable and the failure to find autohemoh-sms in the plasma or 
thus far abnormahties of the red cells either dunng or m the absence 
of attacks m paPents with this sj-ndrome make the discoi-erw of the 
ePoIogj- of attacks most diScult Several theones concemmg the 
mechanism of hemoh-5*s ha^•e been proposed, but thus far satisfactoiy 
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cise The duration of the exercise varied from two and one-half to 
SIX and one-half minutes During the first two and one-half to three 
rmnutes after completion of the exercise and without removal of the 
tourniquet five to seven samples of blood, each of 10 c c amounts, 
nere withdrami from the antecubital \em There nas no \asible 
hemolj'sis in any of the centnfuged samples, the plasma hemoglobin, 
as measured by the benzidme method, v as not increased In Case 1 
two similar experiments v ere performed A cuff pressure of 200 nun 
of mercuT}’^ was apphed in both instances In one experiment a blood 
sample was drawn four rmnutes after the end of three minutes of exer- 
cise, the pressure nas then released for 10 pulsations, the cuff quickly 
re-inflated and another blood sample then mthdrawn In the other 
expenment m this case, exercise of the hand was performed for three 
minutes, and five samples of blood, each of 10 c c , vere withdraiwi 
from the antecubital vein after gradually vnapping the arm from the 
hand to the elbow m an Esmarch bandage In this study, hkeinse, 
there n as no nsible hemolj^sis m any of the centnfuged blood samples, 
and quantitative measurements rexealed no increase in the plasma 
hemoglobin concentration 

It was thought that if red cells were trapped in the spleen due to 
venous stasis of the splenic vein durmg exercise that this might be 
reflected by a lowermg of the hematocrit Studies in two of our 
patients rexealed no lowering of the hematocrit folloxving exercise 
xxhich produced an attack of hemoglobmuria and therefore afforded 
no exndence m support of this concept (Table 3) 

Comment 

The apparent effect of posture during exercise on the production of 
attacks of march hemoglobmuria x\as first suggested by the obserx^a- 
tions of Fleischer (1) xxho published the first case of this sjmdrome 
This author noted that attacks occurred m his case after a brisk walk 
of an hour’s duration but did not occur xxhen the patient spht wood or 
pounded sugar strenuouslx for tx\o to three hours Sex'eral other 
mx estigators hax'e noted that in patients in x\ horn attacks occurred on 
xxaUong considerable amounts of exercise other than xxalking failed 
to produce attacks (2, 5 7, 10, 12 14, 16 19) 

Although rare cases of march hemoglobmuria mth moderate lordosis 
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IS no defiidte evidence however, that venous stasis occurs m the kid- 
ne\-s during attacks of march hemoglobinuria or that if stasis of blood 
m the renal veins did occur during a short walk or run that an attack 
of hemoglobinuria would result Roentgen-ray exarmnations in two 
reported cases (27, 31) revealed no abnormal size, position or rnobdit}- 
of the kidnei-s, no pertment renal abnormahties were revealed bi* 
X-ray or pv*elographic studies m two of our cases (Case Reports) 
The urea clearance was not aSected bi* attacks of hemoglobinuria m 
one of these cases (Case 1) The albummuria which is associated 
with the hemoglobmuna of an attack of march hemoglobmuna is also 
obser^-ed durmg attacks of hemoglobmuna caused by mjections of 
hemoglobm solutions mtravenouslv' m normal mdividuals (37) The 
albuminuna which occurs at times with walks just msuffiaent m 
duration to cause hemoglobmuna (Table 5) (2 19 24 26) does not 
necessarily mdicate renal venous stasis, for in abortive parosv'sms of 
the sv'phihtic tv-pe of parosj-smal hemoglobinuria albummuria has 
also been obsen,-ed m the absence of hemoglobmuna but m the presence 
of hemoglobmemia (40) 

Because of the apparent importance of the upnght posture during 
exercise for the production of attacks of march hemoglobmuna and 
because a moderate lumbar lordosis is present m occasional patients 
with this svTidrome it has been suggested that march hemoglobmuna 
and orthostatic albummuna me closely related phenomena (31) 
However patients with tvyiical orthostatic albummuna do not have 
march hemoglobmuna and patients with march hemoglobmuna with 
rare exceptions, do not ha\-e albummuna at rest e^-en when standmg 
or hang m the forced lordotic position It is an important obserra,- 
tion that cj-stoscopic exammations m patients with orthostatic 
albummuna have revealed albumm onli- in the urine from the left 
kidney, presumably resultmg from compression of the left renal vein 
against the aorta m the lordotic position (86 87), whereas cystoscopic 
exammations m two cases of march hemoglobmuna have revealed 
hemoglobm m the urme from both kidne%-s (12, 19) Further the 
ph\-siological albummuna (11) and phv-siological mtravascular 
hemoh-sis of verv' strenuous exercise (49) are not necessarily related 
phenomena for after such exercise albummuna sometimes occurs m 
the absence of abnormal plasma hemoglobm values, and shght but 
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evzdences of proof of these theones are lacking The data of the 
present study define the condition more clearly than has been possible 
heretofore and prompt a critical discussion of some of the existing 
theones as to the site and mechanism of hemolysis 
It has been suggested (17, 26, 64) that march hemoglobmuna may be 
related to the paral 3 'tic type of “hemoglobmuna,” now known as 
myoglobmuna, m which the muscle phj^siology is deranged The 
spectrophotometnc identification of the unnary pigment as hemo- 
globm and not myoglobm m Ilutts’ (27) case of typical march hemo- 
globmuna who developed attacks on walkmg, and the identification 
of the plasma and unnary pigments as hemoglobm m the patient of 
the present stud>’’ who developed attacks on walkmg (Case 1), and 
m one of the patients who developed attacks on runmng (Case 3), 
demonstrate conclusively that the pathologic physiology of march 
hemoglobmuna is entirely different from that of myoglobmuna 
jMej^er (84), Witts (27), and Schellong (19, 85) have suggested that 
hemol)^is takes place locally m the kidneys It has been reasoned 
that smce the general symptoms dunng an attack are tnvial, jaundice 
IS absent and the degree of hemoglobmemia appears to be relatively 
small, the hemolysis is probably confined to the vessels of the kidney, 
the major part of the released hemoglobm bemg excreted by the kidney 
as promptly as it is produced, with only a small amount passmg mto 
the general circulation No quantitative unne hemoglobm findmgs 
were available until now, the quantitative data of the present study 
show that actually only a very small portion, usually much less than 
10 per cent, of the hemoglobm hberated dunng an attack was excreted 
m the unne Further, the observation that, after an mtravenous mjec- 
tion of hemoglobm solution hemoglobmuna occurred m Case 1 of our 
senes at a level of hemoglobmenua the same as that foimd dunng 
the hemoglobmuna of tjqiical attacks produced by walkmg is strong 
evidence that the level of hemoglobmemia dunng the attacks was 
sufficient m this case to give nse to the hemoglobmuna It is im- 
portant m this connection too that hemoglobmenua of 24 and 27 mgm 
per 100 c c occurred m two of the cases of our stud}’' dunng exercise 
of an amount insufficient to produce any hemoglobmuna Schellong 
(19) has advanced the theory that the hemolysis is produced by stasis 
of the renal veins owmg to the lordotic posture m walkmg There 
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toms developed although it -was calculated that the hemoglobm from 
an average of 250 c c of the patient’s blood was released dady mto the 
plasma for five days We have observed a case of hemoglobmemia 
with marked hemoglobmuna occurrmg m an acute hemolytic attack 
foUowmg sulfanilamide therapj’’ m which there was a nse m tempera- 
ture to 103°F , but dulls were absent and there were no S 3 miptoms 
(90) These observations further illustrate that the lack of sjmaptoms 
m the presence of hemoglobmerma and hemoglobmuna is not char- 
actenstic of march hemoglobmuna 

Several attempts have been made to produce hemol 3 i:ic attacks m 
patients with march hemoglobmuna by means other than exercise 
As noted above, no attack of hemoglobmuna has been produced by 
haxTug the patient stand still m the upnght position Chilhng of an 
extremity by immersion m ice water (Rosenbach test) for ten mmutes 
has repeated!}’ failed to produce hemoglobmuna m patients with this 
sjmdrome No local hemolj’sis occurred m Case 1 of our study when 
exercise of the hand was performed durmg venous stasis produced by 
a tourniquet on the arm In \new of Stormont’s (91) observation that 
prolonged hj-pen^entilation in dogs produced hemoglobmuna the effect 
of h\’per\'entilation on the production of mtravascular hemolysis was 
studied m Case 1 of our senes Hyperventilation for 20 mmutes 
which produced numbness of the fingers, a positive Chvostek sign 
and an alxeolar carbon dioxide content of 2 8 per cent failed to pro- 
duce anj* hemoglobmemia Injections of adrenahn (13, 19, 23), 
atropme (13), mtntes (13) and caffem (13), roentgen ray irradiation 
of the spleen (19), diathermj' of the spleen (13) and of both 
kidnej’-s (19), and mduction of fever bj- mjection of kiUed tjqihoid 
bacdh (26) ha^e failed to produce attacks m patients with march 
hemoglobmuna 

In most patients there is no historj’- of an mjury which might be 
pertment m respect to the subsequent development of attacks In 
Witts’ case the patient fell from a ladder stnkmg his abdomen with 
his knees a week before the attacks began (27) In one of our cases 
(Case 3) there was a history of hematuna of a few daj-s’ duration 
foUowmg a back mjury resultmg from a high dive six j ears before the 
first attack of march hemoglobmuna 

The results of the quantitative studies of plasma hemoglobm durmg 
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definite fiemoglobmemia sometunes occurs m the absence of albu- 
minuria (49) 

Porges and Stnsovrer (13) have suggested that the hemolysis in 
march hemoglobmuria does not occur mtravascularly but occurs in the 
spleen These authors have postulated the existence of an abnormal 
x'asomotor reflex during walkmg m the lordotic position which reflex 
gix-es nse to an mcreased blood supply of the spleen and hence to in- 
creased hemolysis, with retention of the stromata b}^ the spleen and 
liver and escape of abnormal amounts of hemoglobm mto the blood 
stream These authors (13) pomted out that eindence of splenic 
engorgement durmg attacks of march hemoglobinuria was lacking, 
but that one of them had obsen'ed m perfusion experiments increased 
hemalj-sis of the splenic blood after engorgement of the spleen (88) 
This theory (13) and the theory that hemolysis occurs in the kidnej^ 
(19, 27, 84) with escape of much of the hemoglobm mto the unne before 
It enters the general circulation attempt to ei^ilam both the apparent 
effect of posture during exercise m the production of attacks and the 
absence of chiUs, fever, and other symptoms which are associated with 
attacks of mtrax'ascular hemolj’sis in the sj-phihtic tj'pe of hemo- 
globinuria It seems, however unnecessary^ to postulate that hemol- 
ysis must occur outside the general circulation because symptoms are 
absent or trixial Other hemolytic conditions m which hemolysis 
occurs mtravascularly may be asymptomatic m the presence of even a 
greater degree of hemoglobmenua than usually occurs m an attack of 
march hemoglobmuria In ilarchiafava-^Iicheh disease attacks of 
hemoglobmuna with a high degree of hemoglobmenua may' occur with- 
out associated chills or fever, and frequently with no other symptoms 
referable to the hemolysis (41, 64) It is of mterest that Penfold and 
Robertson (89) produced intraimscular hemotysis with marked hemo- 
globmuna m rabbits by mjection of distilled water without causmg 
fever, and concluded that the cause of the fever m attacks of parox- 
vsmal hemoglobinuna of the syphditic type is unknown Other 
conditions may be ated m which there were no symptoms m the 
presence of hemoglobmemia which presumably resulted from hemol- 
vsis withm the general circulation In a case with an acute attack 
of marked hemoglobmenua and hemoglobmuria of obscure etiology 
recently studied in this laboratory (55) no chills fever, or other symp- 
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mav be the cause of hemolysis We ha%-e been unable hovrever to 
accumulate anv prooi that venous stasis occurs in anj* organ dunng 
attacks of mprrh hemoglobmuna ^"hether there is any relationship 
betireen the etiolog}- of the attacks and the apparent enlargement of 
the spleen after an attack noted thus far in only one case of this 
syndrome (Case ll or of the hver noted in onli- two cases (Case 1) 
(13) cannot be dehnitely stated, as noted above the occasionaHy 
ohserved mcreases m the size of these organs after an attack may be 
simpb- a result of the hemol\-tic attack There is no dehnite evidence 
of stasis m the renal ■rems dunng an attack It has recentli- been 
observed that when intravascular stasis m the spleen is maintained 
for several hours in dogs the splenic vein blood shows hemoconcen- 
tration ^■^nable mcreases in the fragihu* of the red cells to hipiotomc 
salme, and hemoglobinemia (92, 93 94) also complete obstruction of 
the infenor i-ena cava for 2 hours in the dog produces a significant 
mcrease in the fragihty of the red cells of the blood obtamed from this 
ate (93) It may be o: significance in this respect that enlargement 
of the liver after long distance runs has been observed in poorly con- 
ditioned athletes (95) Occluaon of the renal arten* and i-ein in the 
dog for two hours leads to a decrease m the osmotic resistance of the 
red cells of the renal vem blood (94) A slight increase m the red cell 
fragih^' of the capiilari* blood of tbe arm occurs in normal subjects 
when arrest of the circulation oi the arm is maintained for 10 to 15 
minutes (96) . as reported above however no hemoglobineima resulted 
from similar stasis e^^nments dunng which exercise oi the hand was 
periormed by normal subjects or by a case of march hemoglobmuria. 
Ani' theory proposed to explam the bemoliiic attack m march hemo- 
globinuria must be consistent with the facts that appropriate exercise 
of as short duration as nine minutes may be suSaent to cause a frank 
attack oi hemoglobmuna and that hemoh'sis promptli* ceases on 
termination of the exercise 

Further study both oi mtravascular hemoh'sis m normal subjects 
ioHowmg se\'ere exercise and of patients with march hemoglobmuna 
who de^'eIop attacks on short walks or moderate runs are required m 
order to obtain the necessaiy links to soh-e the problem of the enologj' 
of this tji-pe of hemoh'sis 
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attacks m our cases (Fig 1) (Table 5), the one measurement of plasma 
hemoglobm reported by Witts (27), and the findmg of reddish plasma 
by other mvestigators (1, 11, 13, 14, 19, 26) durmg attacks demonstrate 
that hemoglobmuria m march hemoglobmuria occurs only m the 
presence of hemoglobmemia It is evident further that hemoglo- 
bmuna occurs only above certam levels of hemoglobmerma smce 
exercise sufficient to produce only shght hemoglobmerma produces no 
hemoglobmuria (Fig 1 , Table 5) From these findmgs it is concluded 

that the hemoglobmuria is secondary to the hemoglobmemia WTiy 
hemoglobmuna may be mitiated at lower levels of plasma hemoglobm 
m cases with this syndrome after exercise (Fig 1 , Table 5) (27) than 
m normal mdividuals after an mjection of hemoglobm intravenously 
(37, 79) IS not entirely clear It was thought at first that this findmg 
might be of significance m relation to the mechanism of the attack 
itself However, the fact that hemoglobmuna occurred m Case 1 
at a similarly low plasma hemoglobm level after mtravenous mjection 
of hemoglobm solution is strong evidence against this thought In 
Marchiafava-Micheh disease it has been shown that hemoglobmuna 
ma}^ occur with plasma levels as low as those associated with hemo- 
globmuna m our cases (41), the situation m IMarchiafava-iMicheh 
disease is not closely analogous, however, smce m this condition there 
IS chrome hemoglobmemia and very frequent episodes of, or constant, 
hemoglobmuna (41) The factors concerned with the renal excretion 
of hemoglobm after mtravenous mjections of hemoglobm solutions 
m normal man and m animals have been discussed m some detail m 
an earher paper (37) 

The findmg that posture durmg exerase is important m the produc- 
tion of attacks m many patients with march hemoglobmuna would 
seem to afford a lead to the solution of the problem of the mechanism 
of hemotysis As noted above, standmg still m the upright position 
and lymg m a forced lordotic position have thus far failed to produce 
attacks It appears that exercise, as well as assumption of an appro- 
priate posture durmg the exerase is necessary' to produce attacks 
The present authors, hke others, have been led to consider the possi- 
biht}'^ that there ma)^ be a venous stasis m one or more of the abdommal 
organs m the usual walkmg or rurmmg position m patients with this 
sjmdrome, and that the presence of this \enous stasis durmg exerase 
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ported that attacks were preTCuted in Ms patient by the administra- 
tion of cevitannc acid The patient may be asured that in most 
instances spontaneous reco^■ery occurs after a period oi months to a 
few years 

SnoiABY ASP Coscxrsioxs 

1 Detailed Hmiral and laboratory- studies are reported m three 
Mtherto unpublished cases of march hemoglobmuria and a review of 
present knowledge concerrung this condition is presented The 
investigation bps; included hematological studies a study* oi the 
diagnostic cntena obseriations on blood pigment metabolism and 
on renal and hepatic function and physiological investigations of the 
condibons necessary for the production of attacks 

2 In the three cases of this study the clinical hndmgs conformed m 
most respects to those m previously reported cases of this condition 
3Iarch hemoglobmuria is a form of paroxysmal hemoglobmuria wMch 
occurs in otherwise healthy vpung mal^ foUowmg walking or running 
There are usually no or only shght symptoms with attacks Physical 
exammation usually reveals no abnormahties a lumbar lordosis m 
rare cases and shght enlargement of the hver in one case have been 
reported In the three cases reported here physical exammation 
revealed no abnormahties except mild icterus m two of the patients 
and moderate enlargement oi the spleen and hver in one oi these 
Spontaneous recovery apparently occurs withm a period of a few 
months to years 

3 Hematological studies in the cases reported here gave normal 
results there was no anemia or reticulocytosis, the fragihty of the 
red blood cells and the white blood cell and platelet counts were 
normal tests for isohemolysins and autoagglutinins were negative 
These results accord with the available observations m pre\nously 
reported cases 

4 The diagnostic criteria which must be utilized m diferentiatmg 
march hemoglobmuria from parosysmal hemoglobinuria from cMlhng 
fsyphihtic type) from chronic hemolytic anemia with parox\-smal 
nocturnal hemoglobmuna {^larchiafava-Micheh disease) from myo- 
globmuna and from favism are outhned 

5 Studies oi the hemoglobm of the plasma and urme ana of the 
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As pointed out above, symptoms are lackmg or trivial durmg attacks 
of march hemoglobmuria, blood destruction is relatively slight, no 
permanent damage to any organs has been shown to occur as a result 
of attacks, and apparent recovery usually occurs spontaneously In 
the absence of proof that any damage results from attacks of hemo- 
globmuria m march hemoglobmuria, the management of cases becomes 
a matter of clinical judgment The rather general opmion has been 
that the condition is a harmless abnormahty and demands no very 
active treatment There is no question, however, but that most 
patients with this syndrome are considerably perturbed by the passage 
of a red urme, even though they have been reassured by the physician 
A review of the circumstances under which most patients develop 
attacks shows that attacks could be prevented without any great 
mconvenience to the patient by omission of some activity which be 
practices infrequently After a careful study of a given case the 
patient can be advised as to what kmd and extent of activity precipi- 
tates his attacks and he wiU frequently spontaneously avoid such 
activity 


Although no permanent damage apparently results from very mfre- 
quent and moderate attacks of march hemoglobmuria, the possibility 
that the more prolonged attacks of hemoglobmuna or that the very 
frequent attacks might lead to kidney or hver damage through 
precipitation of hemoglobm products cannot be dismissed We be- 
heve, therefore, that measures should be taken to control the condition 


m any patient who has prolonged or very frequent attacks of hemo- 
globmuna If the restriction of activity necessary to prevent attacks 
IS so great as to mterfere seriously with the patient’s daily normal life, a 
study of the case may reveal that a brace mducmg some measure of 
kyphosis wiU be of great benefit In the event that attacks cannot be 
feasibly controlled by restriction of activity or by a brace, it is sug- 
gested that fluids should be forced moderately and sufficient alkah be 
admmistered to mamtam an alkalme urme durmg the hours when the 


activity leadmg to hemoglobmuria is undertaken, this precaution is 
suggested to prevent precipitation of hemoglobm m the renal tubules, 
m accord with considerations discussed above Hoffmann (29) re- 
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ported that attacks •were prevented m his patient by the administra- 
tion of ce\'itainic aad The patient may be assured that m most 
instances spontaneous recovery occurs after a penod of months to a 
few j’ears 

SXJinLARY AND COYCXYSION'S 

1 Detailed chmcal and laborator}' studies are reported m three 
hitherto unpublished cases of march hemoglobmunaj and a re\’iew of 
present knowledge concemmg this condition is presented The 
mvestigation has mcluded hematological studies a studi' of the 
diagnostic cntena, obsen'ations on blood pigment metabolism and 
on renal and hepatic function and phj-siological mvestigations of the 
conditions necessarj' for the production of attacks 

2 In the three cases of this stud}* the clmical findmgs conformed m 
most respects to those m pre\'iousl\' reported cases of this condition 
^larch hemoglobmuria is a form of paroxjsmal hemoglobmuna which 
occurs in otherwise healthy, yoimg males followmg w alkin g or r unnin g 
There are usually no or only shght s 3 mptoms with attacks Physical 
examination usuallj' reveals no abnormahties, a lumbar lordosis in 
rare cases and shght enlargement of the hver m one case have been 
reported In the three cases reported here phjsical exammation 
revealed no abnormahties except mild icterus m two of the patients 
and moderate enlargement of the spleen and hver m one of these 
Spontaneous recover}’ apparentlj- occurs -withm a period of a few 
months to j-ears 

3 Hematological studies m the cases reported here gave normal 
results, there was no anemia or reticulocytosis, the fragihU’ of the 
red blood cells, and the white blood cell and platelet counts were 
normal, tests for isohemol3’Sins and autoagglutimns were negative 
These results accord -with the a\’ailable obsen-ations in pre%nousl 3 ’ 
reported cases 

4 The diagnostic cntena which must be utilized m differentiating 
march hemoglobmuna from parox 3 -smal hemoglobmuna from ^killin g 
(s 3 phihtic t 3 pe), from chrome hemob-tic anemia mth parox 3 -smal 
nocturnal hemoglobmuna (Marchiafa\’a-Micheh disease), from m^o- 
globmuna and from fa\'i5m are outhned 

5 Studies of the hemoglobm of the plasma and unne and of the 
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bilirubm of the plasma durmg attacks m these cases permit the foUow- 
mg conclusions 

(1) Spectrophotometnc analyses showed the plasma pigment dunng 
attacks to be oxyhemoglobm, and the urmary pigment to be 
mainly ox}’-hemoglobm 

(2) Hemoglobinuria durmg the attacks lasted for from one to three 
hours 

(3) Henwglohinurm is secondary to hemoglohnemta, for hemoglobi- 
nuria IS always associated with hemoglobmemia, whereas after 
somewhat less exercise than necessary to produce a frank attack 
hemoglobmemia may be present m the absence of hemo- 
globmuna 

(4) The hemolj^is leadmg to hemoglobmemia occurs during the 
exercise only, for hemoglobmemia is greatest at the termma- 
tion of exercise and decreases gradually thereafter at a rate 
which accords with the rate expected for the disappearance of 
the hemoglobm present at the end of the attack 

(5) The red cells of from only six to 40 c c of blood were destroyed 
mtravascularly m the attacks of march hemoglobmuria studied 
m these cases 

(6) The total amount of hemoglobm appearmg m the urme durmg 
the entire attack represented less than 10 per cent of the amount 
freed mto the plasma durmg the penod of hemolysis 

(7) Hemoglobmuria may occur at lower levels of plasma hemo- 
globm m an attack of march hemoglobmuria than has been 
observed m normal mdmduals after mtravenous mjections of 
hemoglobm m solution In studies m one case of march 
hemoglobmuria, hemoglobmuria occurred at the same low level 
of plasma hemoglobm after mtravenous mjection of hemoglobin 
m solution as durmg an attack occasioned by exercise 

(8) The plasma bilirubin gradually mcreased after exercise produc- 
ing hemoglobmenua, reached a peak m two to five hours, and 
then gradually returned to the control level 

6 The hematocnt and blood hemoglobm values which were normal 
m the absence of attacks of hemoglobmuria did not change durmg 
attacks 

7 The fecal urobilmogen excretion measured m one case was 
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•m thiTi normal limi ts m the absence oi attacks of hemoglobinuria and 
also during periods vrhen one or two attacks occurred 

S The hndmgs aSorded evidence that the blood destruction during 
attacks is entirely intravascular, i e that aU oi the hemoglobm from 
red cell destruction appears in the plasma givmg rise to hemo- 
globinemia 

9 The studies anorded no evidence oi chromcally increased blood 
destruction 

10 Ifrine anal^-ses in the absence oi attacks showed completely 
normal nndmgs in all three cases The urea clearance studied m one 
case was normal m the absence oi and dunng attacks Albu- 
minuria was observea after exercise which produced shght hemo- 
globmemia but no hemoglobmuria Albuimn was present m all 
urine specimens containing hemoglobm and on some occasions ‘ albu- 
mm contmued to be excreted m small amoimts for about an hour 
alter hemoglobm excrenon had ceased 

11 Studies oi the factors required to preapitate attacks m the 
patients oi this study afiord the ioUowmg miormation 

(11 Hemoglobmemia and hemoglobmuria were produced by short 
brisk walks or by fast runs 

(2) Xo hemoglobmemia was produced by standmg still m the up- 
nght position for a prolonged period oi tune or by the prolonged 
asumpt-on oi a lordotic recumbent position 

1.31 Studies oi the oxj-gen consumption during work on the bicvcle 
ergometer and treadmill m the patient who developed attacks 
oi hemoglobmuna on walking demonstrated that if a moder- 
ately kj’photic pKisition was imposed durmg exercise no hemol- 
ysis occurred when the same or greater amounts oi work were 
performed than necessarv- to produce a frank attack of hemo- 
globmuna m the normal w alkin g position 

(4r) Local hemoglobmemia was not produced when exercise oi the 
hand was penormed m the presence oi venous stasis impiosed bv 
a tourniquet on the arm 

(.51 H\-per\entilation for 20 minutes failed to produce hemol\-sis 

c61 The presence oi two preapitatmg factors were shown m one 
tient to be required to produce attacks oi march hemoglobmuna 
(11 exercise (.2) appropnate posture durmg the exercise 
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(7) Hemoglobmuria occurred after a nine minute r un m one pa- 
tient whereas no hemoglobmuna or hemoglobinemia were 
produced in this patient by a bnsk walk of 45 minutes 

12 The vanons theories regarding the etiology of march hemoglo- 
bmuna are cntically re^newed m the hght of the present knowledge 
of this condition 

13 Our studies together with those of others (SO) demonstrate that 
“physiological” hemoglobmemia and hemoglobmuria occur m healthy 
individuals after marches and runs, provided the exertion is extremely 
intense and of considerable duration The same mechamsm of intra- 
vascular hemol3'Sis apparently operates in patients with march hemo- 
globmuna who develop attacks on short walks or runs, but the hemoly- 
sis occurs foUowmg lesser exertion due to some as yet undefined me- 
chamcal or postural abnormahty Our expenence further indicates 
that march hemoglobmuna occurs more co mm only than the infre- 
quency of its diagnosis suggests March hemoglobmuna will, perhaps, 
be observed more frequently than hitherto because of the large number 
of young men who are now engaged in the strenuous exertion of 
mihtary trainmg, and who are under close medical supervision The 
importance of difierentiatmg this relatively benign condition from 
more senous conditions leadmg to the passage of a red urme is 
apparent 

The authors are indebted for helpful suggestions and assistance dunng the progress of 
this m\estigation to those persons alreadj mentioned in the text and to Dr John V 
Waller, Dr Mark D Altschule, Dr Arnold Iglauer, Dr WUham B Castle, and Dr T 
Hale Ham, ire also wish to thank Mrs Eveljm M Katerski for valuable technical as- 
sistance 
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THE ETIOLOGY AjSTD THE CAUSATHTE IMECHANilSM OF 
ARTERIOSCLEROSIS AISTD ATHERO]\L\TOSIS 

W C HTJEPER, M D 
TTarrcr Inst lute for Tkerapctiltc Research 

The etiolog}'- and the causative mechanism of chrome degenerative 
\ ascular diseases, i e , atheromatosis and artenosclerosis, have re- 
mamed to a large extent controversial subjects No agreement has 
been reached concemmg the respecti\ e roles pla3’-ed m the production 
of these lesions, on the one hand by phj’-siological senesemg processes, 
possibty conditioned m their time of onset, m theu rate of progress, 
and m their orgamc distribution bj' constitutional or hereditary factors, 
and on the other hand by pathological disturbances of endogenous or 
exogenous ongm and of acquired nature The situation existmg m 
this respect is compheated b>’’ the fact that these \ ascular manifesta- 
tions exhibit a remarkable diversitj- m their anatomical structure, as 
e\ndenced by the various names used, such as artenosclerosis, ather- 
omatosis, atherosclerosis, Z^Ionckeberg’s media necrosis and calcifica- 
tion, etc, mdicatmg that several fundamental! j’ different causal 
factors may be reflected bj' these morphological vaneties The same 
conclusion is suggested by the observation that there occurs a con- 
siderable dispantj' in the orgamc distnbution and m the time of ap- 
pearance of these lesions m the different organs None of the numer- 
ous theones so far ad\anced concemmg the etiologj* of degenerative 
\ ascular disease supphes a satisfactoiy explanation of the multitude 
and ^a^et3' of phenomena, or pro\ades an acceptable common de- 
nommator of the pnmar3- causal d3Tiamics operatmg m their produc- 
tion 

The general confusion and uncertamt3 grovrmg out of the contro- 
\ ersial claims made and resulting from the lack of rehable and ade- 
quate information has mterfered senousK- vnth the development and 
institution of rational and effecti\ e pre\ enti\ e as v ell as therapeutic 
measures smtable for the control of these ^ ascular disorders The 
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mg of tlie bmdmg substance of the elastic membranes of the media, 
associated Trith an infiltration of the mterstices of its inner third b}' a 
hvahne substance and mth a fibrosmg degeneration of its muscular 
elements Chemically these lesions are said to be related to an agmg 
of the colloids which undergo deh3-aration, and to an mcreasmg 
afiomts' of the vascular tissues thus changed and made denser to cer- 
tam metabohc waste products such as cholesterol and calcium salts 
As these substances possess normalli- a himted degree of solubihty, 
the\- preapitate readilj* when e%en minor changes m the ph}-sico- 
chemical status of their medium occur It is argued bj- the pro- 
ponents of the senescence theoiy- ol artenosderosis that these sub- 
stances which enter the vascular walls b\- difiusion from the blood 
are preapitated and accumulated most markedl}' m close provirmt}' to 
the artenal lumen, therebj- blockmg mcreasmglj' the filtenng surface 
of the vascular wall to the entrance of nutntive substances essential 
to the \-ital actmties of its cellular components As the result of the 
ensumg impairment of the nutntive conditions of the inner parts of 
the vascular wall there develop degenerative necrobiotic changes m 
the affected regions accompamed bj- reactive proliferations of the 
submtimal connective tissue and b\' accumulations of hpophagic 
cells which ultimateh' form atheromas It is claimed moreover that 
the mtimal thickenmgs represent m part attempts toward a reestab- 
hshment of the ongmal width of the \'ascular lumma because, with 
the progressive degeneration of the contractile elements, the \ ascular 
walls lose their elasticit}' and the lumma become distended 

Artenosderosis and atheromatosis are accordmg to this concep- 
tion (Burger and Schlomka, Liesegang), mainl}- and pnmanl\- the 
result of a phj-siological agmg of the \ ascular colloids and are not 
occasioned bj' an\* disturbances of the calaum or cholesterol metabo- 
lism, 1 e b\ substances entermg the \ ascular walls from the outside 
Onh a precocious appearance of the hpoidal and calcified deposits 
m the walls of artenes is considered as a sign of a disease 

There emsts mdeed a ju\enile t>-pe of artenosderosis and ather- 
omatosis which occurs m coexistence mth several disease conditions 
of dn erse nature such as diabetes melhtus nephrosis xanthomatosis, 
mj-xedema and similar hj'poth^Toidotic disorders adenomas of the 
adrenal cortex and adrenal medulla and in the special form of sderosis 
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urgency for effecting a change in this situation is indicated bj* the 
fact that degenerative vascular diseases contribute an appreciable 
percentage to the annual death rate, that during recent decades a 
remarkable rise of the Umted States old-age population has occurred, 
and that, during the same period, a constantly growing exposure of 
the general population to exogenous agents possessmg vasculo-toxic 
properties (lead, arsemc, nitrites, carbon monoxide, atmospheric 
oxygen deficienc}', mcotme etc ) has taken place for occupational, 
habitual or emironmental reasons 
Experiments conducted by the author dunng recent years and 
pubhshed m part elsewhere jnelded endence suggestmg that an mter- 
ference with the oxygenation and nutntion of the vascular walls is 
responsible for the vanous degenerative and proliferative vascular 
changes charactenzmg artenosclerotic lesions, and represents the 
fundamental causal mechanism regardless of the nature of the etio- 
logical agent and of the different morphological and distributory 
aspects displaj'ed In %new of the considerable medical and social 
importance of this problem the following analysis of the available 
cluneal, pathological and experimental data m the hght of this con- 
ception, is offered m the hope that it may prove of value for a more 
intelhgent understandmg of the etiolog}'’, the causal d3Tiarmcs, and the 
preventive and therapeutic control of the degenerative vascular 
diseases 


ETIOLOGIOVL 4SPECTS 

A great number of endogenous and exogenous factors of physical 
and chemical nature have been imphcated m the development of these 
disorders becoming manifest in general durmg the advanced periods 
of life The endence on which these claims are based is parity 
factual, partty circumstantial, and partty conjectural Depending 
upon their nature and upon the effects produced by them, the vanous 
factors of allegedly causal sigmffcance may be dmded into five groups 

1 Physiological Sencsemg Processes 

The phvsiological senile changes of the arterial walls begm, ac- 
cordmg to Aschoff, during the fifth decade and are characterized 
morphologicall3^ b3- a fibrotic thickenmg of the intima and by a loosen- 
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found on that occason that the haired rats vrhich have a considerably 
longer a\'erage hfe span than the hairless htter mates and thus pre- 
sumabh- pass through a slovrer aging ci'de (555 dal's and 365 dal's 
respectively) displayed a much more marked and iddespread de- 
generative and calciii'ing arterial disease aPectsng the aorta and the 
arteries of the heart lung kidnei- pancreas suprarenal epididimis 
and testis than that obsen-ed m the hairless i-arieti' This erpen- 
mentai evidence indicates that the factors controlling senescence and 
longenti' are not identical nth those eliciting arteriosclerotic mam- 
festations and that erogenous innuences mai* play an important role 
in determining the onset and denlopment of these conditions 

2 Pl\s c^og.c^l Jhd Pallclog-cal Trc in.a 

Mechamcal trauma to the structures of the I'ascular ivalls bi* phi'S- 
iologicai or pathological dnamic factors is incriminated by many 
investigators (Aschon, Alloutt Dugiud Harrison Leaiy Adami- 
Hra-l;?. Menne Beeman and Labbj-) as a prindpal or important 
contributory causal factor m the development of chroiuc degenerative 
artenal disease It is daimed that a continued mechamcal strain 
anectmg espeaally the sites of vascular hvation (bifurcanonsl and 
consisting of tension vbration sheanng betveen iatima and media 
etc cause a loosenmg of the connective tissue ground substance or a 
separation of the mtima from the media and faTOr thereby the imbibi- 
tion of these areas by the hpo'd-containing plasma as rrell as the 
de\-elopmenL of a reactive intimal proliferation Some mvestigators 
contend that the locaiiaation of these lesions dejiends upon mechamcal 
factors of ■vascular dimamics mterfenng vrith the nutrition of re- 
stncted areas of the \-ascular wall and ^a^■oring therebi' the inhltration 
of cholesterol through the ‘ stomata of the endothehal linmg into the 
subintimal ti^ue fLear^A Intimal hermation resulting from a 
stretchmg of the fenestrae of the elastic membrane by a physiological 
or pathological mtrav-ascuiar pressure ehdts an imtational mtimal 
prohieration and thus represents the general cause of artenosderosis 
and atheromatosis m the opinion of Krafka 

A cntical analv'Sis of these conceptions from a more comprehensive 
vewpomt shows readily that the various calculations and arguments 
adv-anced m support of a mechanical traumatic genesis of chronic 
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of the pulmonary artery, mcreased hydrostatic pressure m the pul- 
monary artery as the result of congenital malformations of the heart 
(open foramen ovale, mitral lesions, etc ) Inasmuch as the arterial 
lesions observed m the young under such circumstances do not differ 
m any essential respect from those found durmg a more advanced 
period of hfe under similar associated disease conditions or, usually, 
without such comphcations, it becomes obmous that normal senescmg 
processes cannot plaj' any important part m their production This 
conclusion is supported b}' additional evidence Apart from the 
fact that the arteriosclerotic changes affect m general only restricted 
areas of a particular vessel and do not represent a diffuse alteration, 
these lesions exhibit marked vanations m their distnbution upon the 
arteries of the different organs and m their tune of onset m the vascular 
tree of the various tissues Thus, highly sclerotic artenes of the ex- 
tremities are often not accompamed by changes of s imil ar type and 
mtensity m the artenes of the mtemal organs WTiereas coronarj’’ 
sclerosis occurs frequently m relatively young mdividuals, arterio- 
sclerotic changes of the cerebral vessels are not found, as a rule, before 
the senile penod of hfe is reached ‘^Tule these observations may be 
reconciled with the senescence theory by assummg that the artenes 
of different parts of the body undergo agmg changes at vanous tunes 
and rates, it is more likely that other factors, not connected with 
phj^iological senescence, are operative m brmgmg about the degenera- 
tive artenal changes 

This conclusion is supported by some experimental evidence ob- 
tamed from studies on the nature of factors controlhng longevity and 
senescence (McCay) This mvestigator found that rats, raised from 
an earl\' penod of life on moderately restncted diets with a consequent 
stuntmg of growth showed, on the one hand, a general and marked 
prolongation of their average life span and thus a delay and slowmg 
of the physiological agmg processes m companson with normally and 
adequately fed rats, but they developed, on the other hand, a pre- 
coaous and extensive calofymg type of artenosclerosis of the aorta 
and coronary and renal artenes Observations of similar nature and 
sigmficance were recently made by Hueper durmg a study of the organs 
of hauless rats and then haued htter mates which had been exposed 
over a prolonged period to an mtense ultraviolet irradiation It was 
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ma 3 ' be involved m creating conditions fimdamentaUj^ important for 
the development of vascular lesions, assuming ultunateh' the char- 
acter of arteriosclerosis The possibiht\' of such a relationship for 
certam organic t3-pe3 of arteriosclerosis and artenolosclerosis is sug- 
gested b 3 - the fact that allergic vascular reactions are characterized 
b 3 ’^ an mcreased penneabiht 3 ' and spasticit 3 ' of the arteriolar vails, b 3 * 
the precipitation of allergic immune bodies on the endothehal hnmg 
b 3 - the reactive proliferation of endothehal cells and b 3 - the appear- 
ance of degenerative changes m the media of the reactmg vessels It 
IS conceivable that degenerative arterial disease ma3' be the end-result 
of repeated allergic reactions causmg an impairment of the nutrition 
of the i ascular vails b 3 ‘ medial spasm m connection vith the forma- 
tion of films covermg the mtuna and composed of aUergen-immune 
bod 3 ' complexes 

The results of experimental studies (unpublished) conducted b 3 ' the 
author lend support to this conception Dogs vhich had been m- 
jected fi\ e times per veek vrth 10 cc of a 1 per cent ammo-antip3Tme- 
azo-protem (egg albumm) solution mto the jugular vem for a period 
of approximatel 3 ' six neeks (total of 230 cc of the sensitizmg agent), 
shoved at autop53' small and scarred kidne 3 'S and at microscopic 
stud 3 ' fibrous and h 3 -ahne thickemngs of the mtuna of large arteries, 
foam cellular infiltrations of the submtimal spaces of the aorta, h 3 ahne 
scars m the aortic media, and h 3 'ahnization of the thickened media of 
the renal arteries It is of significance that similar degeneratn e and 
necrotizmg lesions m the aorta and arteries vere observed b 3 ' Holman 
m dogs vhich had been mjected subcutaneousl 3 ’ vith uranium nitrate 
and mtra^ enoush' dailj vith canme plasma m amounts of 100 cc 
(a total of 1 SSO to 2 655 cc ) Holman considered the possibiht 3 ’ 
that the arterial lesions vere the result of an allergic reaction ehcited 
b 3 a conjugated uranium protem 

4 Physicochcvucal D.sHcrhanccs of the Blood of Eiidocniic, VUoji.uuc 

or XulnliTc Ongn: 

Certam disturbances of endoenne, \Ttaiiunic or nutntne ongin 
causmg more or less severe abnormahties in the composition of the 
blood and thereb 3 - m the ph 3 sicochemical en%-ironment of the ^ ascular 



402 


Vr C HUEPER 


arterial disease fall far short of providmg a plausible esplanation for 
the esastence of the different moiphological forms, for the variations 
m their organic distnbution and m their time of onset as well as for the 
absence of a progressive course m the case of the hpoidal infiltrations 
occurnng m the aortic wall of mfants JCone of the numerous attempts 
made to reproduce arteriosclerotic lesions experimentally m animals, 
either b3' causmg a direct traumatization of the vascular walls from 
the outside or from the mside of the vessels, or b}’^ producmg an over- 
distension of the arterial lumma by mechamcal means m an effort to 
brmg about sphts and tears m the mtuna and elastic membranes, 
resulted m the development of changes identical with or even similar 
to those charactenzmg human artenosderosis (Anitschkow) Me- 
chamcal trauma of phx^siological or pathological nature seems to play, 
if an3' merel3' a secondary- and mmor role m the development of degen- 
erative artenal disease The allegations made m this respect neglect 
to take proper consideration of the fact that conditions accompanied 
by’’ an abnormal mechamcal stram to the \ascular walls, such as over- 
distension or overcontraction caused by fluctuations m vascular 
tomat3- or m h3-drostatic pressure, exert also a defimte and appreciable 
influence upon the blood circulation of the vasa vasorum and thereb3’ 
upon the nutrition and permeabihty of the vascular waffs (Moon) 

J Infections and Bacterioloxic Agents 

The infectious genesis of artenosderosis championed origmaff3'’ b3 
I'lrchow and supported later m a modified form by Klotz, Saltykow, 
and others has at present 01113- a few proponents '^Tule Virchow at 
one time daimed that artenosderotic lesions represent reactions to 
bactenal mfections of the vascular waffs, it was subsequentl3- assumed 
that bactenotoxms present m the blood mjure the mtuna and prepare 
it for the subsequent atheromatous changes b3- mcreasmg its perme- 
abihty to cholesterol and fats contamed m the plasma Howeier, 
AlacCaffum conduded from an anah'sis of the available clmical, 
pathological and experimental evidence that there is httle support m 
favor for the idea that acute or chrome mfections pla3- a great part 
m the pathogenesis of artenosderosis and atheromatosis 

It IS uncertain, however, whether functional or anatomical allergic 
reactions to bactenal or, for that matter to other chemical allergens 
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■With the ilonckeberg’s media calcificationj from -which it is distm- 
guished, ho'wever, bj’ its orgEOUc distribution 

A great deal of uncertamt5- prei-ails regardmg the causative mecha- 
nisms operatmg m the production of the calcifications and assoaated 
vascular lesions IMule Wells, Ham and Lewis, Dietrich, and others 
favor the new that the arterial calcifications are of metastatic char- 
acter, 1 e that they represent localized preapitations of calaum salts 
out of a supersaturated solution mto a prenousli' ntalli* mtact tissue 
and mvolve sites predisposed to this chemical reaction b}’ local condi- 
tions such as alkalmit}- stagnation of tissue fimds, etc , other mvesti- 
gators contend that thei' are ti-pical examples of the tendenc}- of 
dentahzed tissue and of homogenous coUoidal structures to absorb 
substances of low solubihtj- with which the blood is saturated or over- 
saturated (Simonnet and Tanret) 

The followmg obseri-ations support the \’ahditj- of the last men- 
tioned conception Shohl, Goldblatt and Brown obsen'ed m rats 
kept on a calaum defiaent diet and exposed to toxic doses of nosterol, 
as severe degenerative and neaotizmg artenal lesions as those found 
m a control group fed a normal diet, while the vascular calcifications 
m the calaum defiaent senes were not only less severe, but also de- 
layed m appearance m companson to the control anunals Sumlarl}-, 
Schmidtmann found that rabbits placed on a prolonged treatment of 
relatively small doses of ntamm D showed at the tune of the cessation 
of treatment only \exy mild sweUmgs and cellular infiltrations of the 
media while animals kept ahve thereafter died suddenlv some time 
later foUo-wmg an mtercal of apparently good health, and displayed 
severe calcifications of the media, mdicatmg therebj' that degenerati\ e 
changes precede the calcihang processes Fmally, the frequenc\* and 
regulanty with which calcihing media necroses can be produced 
experimentally bj ^•a^ous ^'asculo-toxlc agents (adrenalm digitahs 
gli cosides, ammonium h\ droxide, meth\ 1 cellulose) which do not ehat 
a hi-percalcemia, pro\-ide sufficient e^^dence supportmg the claun that 
the existence of a hj-percalcemia merely hastens the onset and accen- 
tuates the mtensity of the artenal calcifications by facilitating the 
formation of calcium soaps with the hpids present m the alkahne 
necrotic tissue It is for this reason that the hypervitanunic media 
calanosis can be ehated most readil\ m animals possessmg normally 
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walls have been charged with the causation of degenerative arterial 
disease However, the exact role and significance which these dis- 
orders play in the causation and in the causative mechanism of such 
lesions IS still controversial m many respects 

a Calcmm Disturbances of the calaum metabohsm character- 
ized by an elevated blood calaum level have been unphcated m the 
production of the calafymg types of artenosclerosis However, the 
absence of a hypercalcemia m the great majonty of mdividuals showing 
media calcifications of the arteries of the extremities or calcified 
atheromatous plaques mihtates against the actual existence of such 
mterrelations 

It IS, on the other hand, a well estabhshed fact that the hypercal- 
cemia, occasionally observed m mdividuals suffering from hyperpara- 
thyroidism caused by an adenoma of this gland, may be accompanied 
by calcified and degenerative artenal lesions (SheUmg, Asher and 
Jackson, Johnson) Similar artenal and artenolar changes were 
reported to be present m dogs and rats foUowmg the administration of 
excessive doses of parathyroid hormone (Hueper, Learner, Mcjunkm, 
Tweedy and Breuhaus) I^diereas the e^enmental lesions involve 
mamly the media and elastic membranes of the cardiac and renal 
vessels, those found m man under such conditions are of a generalized 
type and affect the media as well as the mtuna 

A similar, but usually much more extensive arteno-calcmosis m- 
volvmg the medial coats of elastic and muscular artenes (aorta, caro- 
tid, coronary, renal, pulmonary and, exceptionally, cerebral artenes) 
has been shown to follow the introduction of toxic amounts of vitamin 
D mto rabbits, cats, dogs, and rats (Kreitmair and Hmtzelmann, 
Schmidtmarm, Hueper, Dietnch, Handovsky, Ham and Levns, Ham 
and Portuondo, Holtz and vonBrand, Shohl, Gkildblatt and Brown, 
and many others) as well as the prolonged exposure to excessive doses 
of ultraviolet radiation m rats (Hueper) The development of degen- 
erations m the media consistmg of muscular h3"ahnization and elastic 
fragmentation is followed b}'' a calcification of these foci and by mtimal 
proliferations m close proximit}^ to the calcified areas The arteno- 
calcmosis resultmg from hyperatammosis D and by poisoning with 
parathyroid hormone differs morphologicallj" from the ordmar}" 
atheromatous calcifications, but possesses a certain degree of sunilantj 
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fore ensue not so much as the direct result of a derangement of the 
mmeral metabohsm as from functional disturbances of the arterial 
tonus and of the circulation This conclusion receives support from 
the fact that similar cardio\-ascular d\Tiamic conditions pre\ aihng m 
overdigitalized are endently responsible for the degenerative 

lesions observed m the myocardial artenes m the myocardium m the 
aorta and m the renal artenes (Fischer-Wasels Klotz , Morelh , Hueper 
and Ichmowsky) 

b CLoIc^tcroI Hi'percholesteroleima of endocnne or nutntional 
genesis particularly vhen assoaated with hpemia, has often been 
imphcated as a factor directly or mdirectly mvolved m the production 
of atheromatosis (Amtschkow, Tannenberg ZMonckeberg, Chalatow, 
Joslm, Warren, Learj* Page and Bernhard, Lear>' and Weiss and 
many others) This contention is based upon several observations 
1 Atheromatous lesions are characterized by the accumulation of 
hpoids and hpids either contamed within foam-ceUs of endothehal or 
histioci-tic ongm or occumng free as extracellular imbibition m the 
submtimal or medial tissues, 2 diabetes mellitus mi'xedema and 
Hand-Schuher-Chnstian s>-ndrome are distmgmshed by a more or less 
marked hi'percholesterolemia as well as by precocious and extensive 
atheromatous changes, 3 the prolonged oral administration of choles- 
terol to rabbits results m the development of hi'percholesterolemia 
follov.ed by the appearance of localized or diffuse atheromatous lesions 
m the arterial tree HTule some mvestigators concluded from this 
e\udence that atheromatosis is primarily the result of a disturbance of 
the cholesterol metabolism (Anitschkow LeaiA-) others ascnbed to 
this disorder only a subordmate role (Tannenberg Duff, Harrison 
Lande and Sperrj-, and others) 

Various arguments ha^e been advanced agamst the significance of 
h\-percholesterolemia m the genesis of atheromatosis 1 While a 
h\-percholesterolemia is found m an appreaable percentage of mdi\ad- 
uals with atheromatosis (Poindexter and Bruger and others) this is 
not a constant findmg (Lande and Sperrv-, Wemhouse and Hirsch 
Wemstem and Weiss, and others), 2 the cholesterol present m athe- 
romas does not onginate for the most part from the plasma which is 
taken up by endothehal phagocNdosis or seeps through the mtimal 
Immg but it IS released as the result of phanerosis from dismtegratmg 
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a high blood calcium level (herbivores) and that its development is 
accelerated and aggravated by the simultaneous administration of 
parath>noid hormone (Handovsky and Goormaghtigh) 

The apparent i n fluence of additional metabohc factors upon the 
production of a h3'pervitamimc artenocalcmosis is evidenced by the 
observation that the media sclerosis of the aorta ehcited b}' nosterol 
medication is more severe m th3noidectomi2ed rabbits than m normal 
ones, as the hypercholesterolemia appearmg m rabbits durmg the 
course of a hj’pen'itammosis D is accentuated m thyroidectomized 
rabbits This aggravation is due to the fact that th5noidectomy causes 
also an mcrease m the cholesterol level of the blood Conversel}', the 
administration of th3Toid substance or of potassium iodide to rabbits 
treated Tvith Autanun D impedes or prevents the production of a media 
calcmosis (Hando^^k3• and Goormaghtigh, Sunonnet and Tanret) 
The relationship between and the S3'nergistic action of h3^ercalceima 
and h3’percholesterolemia apparent from these obserr'ations is illus- 
trated further 03’ the fact that the combmed adrmmstration of vitamin 
D and cholesterol to rabbits mtensifies the calcification of the resultmg 
atheromas (Leary- and Weiss) Such obserr'ations erudentl3' furnished 
the basis for Handovsky^s claun that the hypercholesterolemic condi- 
tion deserr'es the mam emphasis m regard to the genesis of the hyper- 
vitammic artenal lesions However, Setye pomted out that rats 
treated with excessive doses of vitamm D and harung extensive scle- 
rotic and calcifymg artenal lesions did not show any cellular hpoidal 
deposits m these reactions, such as those seen after the adnunistration 
of cholesterol or adrenahn 

It is remarkable that httle consideration has been given in the r an- 
ous attempts to account for the artenotoxic action of h3'perrutanunosis 
D or paratbynroid hormone poisomng to the fact that these conditions 
are accompamed b3* senous disturbances of the cardiovascular tonus 
(mcreased vascular tonus, elevated blood pressure, sloned cardiac 
rh3'tlun, and, ultimatel3', faihng circulation) (Appehrot, Handovsky 
and Goormaghtigh, Handovskv*) These effects, m addition to a 
reduction of the cellular permeabiht3' through the mcreased calcium 
content of the tissue fliuds, ma3' mterfere appreciabty with the nutri- 
tion of the artenal walls The degenerative xascular lesions seen m 
parath3uoid hormone poisomng and in hy-per\-itammos}s D may there- 
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blood cholesterol level have no etiological relation to atheromatosis 
Inasmuch as cholesterol is chemically a relativel}' mert substance, it is 
not readily mobilized from mtraceUular or extracellular vascular 
deposits Hj-percholesterolemia, for this reason, may be not of 
persistent but of transitorj- character without losmg any of its causal 
significance This has been definiteh’- shown to be a fact m experi- 
ments with rabbits which were subjected to treatment with thyroid 
substance or iodine preparations after haiang been exposed preinously 
to oral admmistrations of cholesterol for a suffiaently long time to 
msure the production of atheromas, as there was no endence m the 
animals thus treated of a resorption of the cholesterol deposited m the 
atheromas formed (hleeker, Kesten and Jobhng) On the other hand, 
it has been demonstrated repeatedlj' and conclusiveh' that the treat- 
ment of rabbits with thi'roid substance or lodme preparations simulta- 
neously with the oral admmistration of cholesterol prevents or lessens 
the development of hj-percholesterolemia as weU as of atheromatosis 
(Friedland, Turner and Kha3'at Murata and Elataoka, Liebig, Seel 
and Creuzberg, Strauss, Page and Bernhard) In this connection it is 
notevorthj' that the protective action exerted by potassiimi iodide 
m experimental cholesterol atheromatosis m rabbits is abohshed after 
th3Toidectom3' (Turner and Kha3-at) Similarl3’', thjToidectomized 
animals (goats, sheep) develop m addition to h3-percholesterolemia a 
precoaous, calcif3Tng atheromatosis (Falta, vonEisekberg, Pick and 
Pmeles), vhile a dietaix' cholesterol atheromatosis appears more 
rapidl3" in th3TOidectoimzed rabbits than m normal ones (Shapiro) 
Mention ma3- be made of the fact that mdinduals with h3-perth3’- 
roidism displaj not onl3' a lowered blood cholesterol level, but are also 
rarely affected b3" atheromatosis (SchaU3-, Rosenthal, and others) 
Inasmuch as Leaiy and Weiss demonstrated that cholesterol athe- 
romas of rabbits persist for man3" months after the cessation of the 
mgestion of cholesterol, while undergomg at the same time fibrosmg 
and calaf3'ing changes, it is ob\nous from the emdence presented that 
transitoix- h3-percholesterolemic episodes of endocrme or nutntive 
ongm and of adequate strength and duration ma3’’ be mstrumental 
m the causation of atheromatosis, and that a persistent h3-percholes- 
terolemia is not essential for the estabhshment of etiological mterrela- 
tions between these two conditions (hlonckeberg) 

It is of importance m this connection that the development of an 
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erythrocytes present m subintimal hemorrhages from capillary vasa 
vasorum (W'lntermtz) , 3 as hypercholesterolemia is a general condition 
of the blood, it cannot by itself cause atheromatous lesions, as these are 
localized and not diffuse changes of the arterial walls, 4 the e^en- 
mental cholesterol atheromatosis foUowmg oral admmistration of 
excessive amounts of cholesterol can be ehcited successfully only m 
rabbits, i e , m herbivorous animals, for which such a diet is not only 
highly unbalanced but also unnatural, and thus may cause a denation 
of the normal metabohsm, especially as the rabbit does not possess a 
metabohc mechanism adequate for rapid elimmation or degradation 
of appreciable amounts of cholesterol, which are therefore retamed 
m the body over prolonged periods, 5 attempts to produce atheroma- 
tosis in carmvorous or ommvorous animals by the same experimental 
procedure have failed, presumably because of the mabdity to obtam 
by this method a persistent hypercholesterolemia m animals of speaes 
which normally can dispose rapidly of considerable amounts of choles- 
terol through the vanous metabohc processes, 6 m the atheromatous 
cholesterohmzed rabbit, cholesterol deposits are present not only m 
the waUs of the artenes, but also m numerous other organs (hver, 
spleen, lymph nodes, etc ), while such reactions are m human athero- 
matosis not the rule, but rare exceptions, bemg found only m xantho- 
matosis, Hand-SchuUer-Chnstian disease, etc , 7 an additional 
important difference between human atheromatosis and experimental 
cholesterol atheromatosis m rabbits, reducmg the alleged causal 
significance of this condition, is seen m the fact that the atheromatous 
changes affect m man mamly the abdommal portion of the aorta, 
whereas they mvolve m the rabbit the ascendmg part of this vessel 
T\Tiile some mvestigators have drawn from this evidence and from 
these arguments the conclusion that a disturbance of the cholesterol 
metabohsm is not an essential prereqmsite to atheromatosis, or that 
hj'percholesterolemia, when coexistmg with atheromatosis, is merely 
comcidental or is an effect of atheromatosis (Duff), there exists a 
considerable amoimt of data attestmg the duect and considerable 
etiological importance of plasma cholesterol m the genesis of these 
artenal changes, and refuting the vahdity of the arguments ate 
agamst such a relationship The absence of a hjqiercholesterolenna 
m a certam percentage of mdixaduals with atheromatosis cannot e 
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ference -with the circulatioii of the ti^ue juices e^ts and where 
therefore an excess of carbon dioxide prevails Monckeberg similarly 
mcrinunated local nutritive disturbances in the i-ascular wall as the 
cause of the phagoci-tosis and imbibition of cholesterol WeUs on 
the other hand considered the causative mechanism operative m the 
prodaction of the experimental dietary cholesterol atheromatosis to be 
a simple precipitation phenomenon He argued that cholesterol 
being a poorly sol able substance and present in the blood m a super- 
saturated state IS deposited m the i-ascular wall as a sort of metastatic 
cholesterohnosis forrmng thus a counterpart to the arterial metastatic 
calcihcation observed as the result of h\-percalcemia, accordmg to the 
same mvestigator It is held that the simultaneous presence of a 
hpemia fa^■ors the development of the atheromatous responses This 
factor IS emphasized especially by Hirsch who stated that atheroma- 
tous reactions result only when the cholesterol is present in the blood 
m a state of colloidal dispersion smce the mtravenous introduction of 
unemdsmed cholesterol causes the appearance of foreign oody reac- 
tions m the puhnonain \-e5seIs 

Inasmuch as young cells exhibit a tendenci* to accumulate hpoids 
Tannenberg concluaed that a proliferation of intimal cells precedes 
the deposition of hpoids and thus the formation of atheromas Tins 
conception contrasts with that held by Anitschkow and others who 
mamtained that degenerating or necrotic areas produced by \-anous 
means m the \-ascalar walls display a special aSmtu' for hpoids How- 
e\er recent experiments of joDling and Aleeker who combmed the 
cholesterol treatment of rabbits with ^-anous other procedures (mtra- 
\enou5 miection ol streptococcus toxin peptone unc amd etc or 
leedmg of ammonium chlonde anaphylactic shock artinaal fever) 
designed to accelerate the development of atheromatosis bv producma 
an additional miun.’ m the I'ascular wails gave negative results sua- 
gestmg that the lormation of cholesterol atheromas is not dependent 
upon the prewious presence of tissae necroses 
Tannenberg p-oposed that the r^ion m the \'ascular wall where the 
nutnti\-e current entermg by dmusion from the iiiscular lumen meets 
with the current ongmating from the \‘asa -easorum rep-esents possibh 
a S’te of predilection for the preap tation of substances such as hpcds 
as m this area a certam degree of stagnat-on pre\*ails Inasmuch as 
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experimental nutritive hypercholesteroleniia results not only from the 
direct oral mtroduction of excessive amounts of cholesterol, but also 
from a diet of high protem content, lackmg appreciable quantities of 
cholesterol (Newburgh and Clarkson, Meeker and Kesten) These 
observations mdicate that unnatural diets or nutntive unbalances of 
various tjqies ma}'’ be involved m the production of metabohc dis- 
turbances ehcitmg an mcrease of the blood cholesterol lei el, and 
imderhne the causal importance of hypercholesterolemia of a persistent 
or transitory tjqie m the genesis of atheromatosis 

The study of early human as well as of experimental atheromatous 
lesions m rabbits leaves no doubt that the mam source of the choles- 
terol found m atheromas is the blood plasma WTule it may be 
conceded that, m rare cases, cholesterol from dismtegratmg erythro- 
C3d:es present m intimal or submtunal capillary hemorrhages may 
contribute to the hpoid content of mtimal thickenmgs, it is certain 
that hemorrhagic episodes of this type are not the primary and mam 
cause of atheromatosis 

The usuall}’' localized character of atheromatosis does not mihtate 
agamst the causal role of hypercholesterolemia, as local conditions m 
the vascular walls such as the distribution of the vasa vasorum or 
pecuharities of the blood flow m different parts of the vascular tree 
(bifurcations, static conditions, etc ) may readily account for this 
phenomenon No vahd objections can be advanced agamst the value 
of the experimental cholesterol atheromatosis m rabbits as to the 
genesis of this condition m man, as the occurrence of the juvenile tjqie 
of atheromatosis m association with persistent hjqiercholesterolemia 
(diabetes meUitus, xanthomatosis, hypothjnoidism) demonstrates 
adequatel}’’ that the human organism reacts to the same metabohc 
disturbance m the same fashion as that of the rabbit 

WTiile the evidence presented leaves httle doubt conceriung the 
causal importance of cholesterol m the genesis of atheromatosis, there 
still exists great uncertamty m regard to the causal mechanism 
through which this substance ehcits these vascular reactions A.schoff 
assumed that the vascular tissue acqmres under certam phj’-siological 
or pathological conditions related to senescence a special affinity for 
cholesterol leadmg to the accumulation of this substance m the intima 
Beneke contended that hpoid deposits appear where a local mter- 
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nutritional cliolesterolosis of rabbits Additional points of resem- 
blance betvreen cbolesterolosis and polj"nn5*losis are suppbed bi' the 
foUoMing facts Pol}"cm3-l alcohol just hke cholesterol is chemicaHj' a 
relativeh- mert substance ivhich forms mth the plasma fine!}- dispersed 
emulsions, paraUehng the so-called protective quahties of cholesterol 
based on the high resistance of this substance to enzj-matic degradation 
and on its unpermeabihtj to many agents, polj-^Tnj'l alcohol displaj-s 
a comparativeh' marked chemical stabihtx', refractonness to the nor- 
mal tissue enzj-mes, and an unpermeabdity to fats ods, greases and 
gases Because of its macromoleculantj- and the lack of adequate 
means of degradation, poljnnj*! alcohol is retamed over prolonged 
penods m the blood and tends to coat the mside of vessels and the 
surface of the en-throcj-tes Mith a film These films are either the 
result of a coalescence of fine droplets of poljnni'l alcohol or thej- are 
the products of a preapitation of this substance m the mterface be- 
tween plasma and mtima, as the solubihty of poljwmj'l alcohol de- 
pends upon salt concentration and other phj-sicochemical factors 
The formal genesis of poljwmj-l alcohol atheromatosis also follows 
closelj' the pattern displaj'ed bj* the cholesterol vaiiet\' The endo- 
thehum of the elastic vessels takes up the foreign matter from the 
blood and is transformed therebj' mto large swollen foam-cells Fol- 
lowmg a reactive proliferation of the damaged endothehal cells result- 
mg m the formation of more or less thick cushions of foam-cells, and 
subsequent to a penetration of the pol\-vin\'l alcohol mto the media, 
foam-cellular endothehal histiocj-tes m\-ade the inner part of the media 
The accumulation of pohwm}*! alcohol m the endothehal histiocjdes 
and m the mterstices of the media is followed bi* the appearance of 
small numbers of fattj- granules m the endothehal foam-cells and m the 
muscle cells of the media and m the pohwdn}'! alcohol mfiltratmg these 
parts of the vascular wall \Miile the fatty substances found m the 
endothehal hning maj* be denved from the blood those present m the 
media are apparentl}' the result of phanerosis and cellular decaj- The 
afiected usuallj- markedly loosened parts of the media reveal mus- 
cular degeneration and hj-alinization as well as dismtegration of the 
elastic fibnls In moderatelj- pohwmi hzed ammals these changes are 
restricted to the inner third of the \'ascular wall Hoveier m 
se\ ereh poKimj hzed animals there occur similar focal foam-ceUular 
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this zone of stagnating tissue fluids should be located somewhere m 
the inner third of the media, and m view of the fact that the earhest 
atheromatous changes are observed m the mtuna or directly beneath 
it, while the media remains mtact durmg this stage, it is evident that 
this theorj' cannot be reconciled with the facts Similar objections 
may be raised agamst the claim made by Schmidtmann, that the 
hypertension accompanymg the hypercholesterolenua of rabbits is 
responsible for the atheromatous changes observed, as it is weU known 
that hypercholesterolemia and atheromatosis coexist m man not m- 
frequently m the absence of an mcreased blood pressure Hyperten- 
sion represents therefore under such conditions merety a possible 
contnbutor}’- factor, but not an essential one 
It is obvious that none of the existmg theones concermng the genesis 
of atheromatosis m the presence of a pathological and persistent hj'per- 
cholesterolemia or m its relation to physiological fluctuations m the 
cholesterol content of the plasma offers any rehable or plausible infor- 
mation concerning the primary dynamics of this process 

c Polysinyl Alcohol The recent mvestigations on the production 
of poljwmyl alcohol atheromatosis m animals by Hueper are for this 
reason of particular mterest as they throw some new and additional 
hght upon the causative mechamsm operative m the production of 
atheromatosis m general The mtravenous, mtrapentoneal or subcu- 
taneous mjection of an aqueous colloidal solution of polynn>l alcohol 
mto dogs, rabbits and rats results m the development of vascular and 
orgamc lesions containmg poljwmyl alcohol Extensive atheroma- 
tous changes occur m the elastic and muscular artenes and arterioles 
of various organs and foreign body giant cell granulomas develop m 
the pulmonar3’^ vessels as the result of the phagocytosis, imbibition 
and deposition of polyvmyl alcohol m endothelial and histioq^c 
foam-ceUs and m the mterstices and muscle cells of the media These 
vascular reactions are morphological eqmvalents of the cholesterol 
atheromatosis The imm obilization of appreciable amounts of poly- 
\Tnyl alcohol m the reticulum and reticulo-endothehal cells of the 
spleen l^unph-nodes, hver, adrenal subcutaneous tissue, etc , is char- 
acterized b}^ the appearance of larger and smaller groups and nodules 
of foam-cells contammg poljwmjd alcohol, which agam are similar to 
those found m xanthomatosis, hpoidoses, diabetes meUitus and m t e 
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scattered media calcifications m the aorta partiall3- calcified atheroma- 
tous changes m the aorta, pancreatic arterj’ and, most extensivel}', 
m the left auncle The large, plate-hke calaum mcrustations of the 
thickened foam-ceUular endocardium affect mamlj- the necrotic por- 
tions and are located m that part of the heart where the blood has a 
lowered carbon dioxide tension favonng the preapitation of calaum 
salts (WeUs) 

While these findm^ are of distmct importance from the standpomt 
of pathologj', the mformation which the\- 5ueld m regard to the causal 
genesis of atheromatosis and arteriosclerosis is of even greater sig- 
nificance The data presented permit the conclusion that pohwmjd 
alcohol present m the blood as a fineh* dispersed emulsion and coatmg 
the i-ascular endothehal hnmg of blood vessels, mterferes with a nor- 
mal and adequate exchange of the vanous gaseous and hqmd nutntive 
substances and waste metabohtes between the blood and the inner 
third of the i-ascular walls The resultmg cellular mjurj’^ is mtensified 
when the poh'vmjd alcohol is taken up by the endothehal cells and 
mfiltrates the vascular wall causmg a further cloggmg of the normal 
filtration membrane The reactive proliferation of the endothehal 
cells and their foam-cellular transformation produces atheromatous 
lesions The phj-sicochemical quahties of pol3-\mj'l alcohol films 
toward fatt3' substances and the absence of an3' appreaable amounts 
of fat-stamable material m th^e lesions as well as of an3’' h3per- 
cholesterolemia, exclude an3' significant role of hpids m the develop- 
ment of these vascular changes 

The vahdit3- of this conception is supported b3- the results of ejqien- 
ments b3 Alartm and Hueper designed to demonstrate the effect of 
film formation b3' pol3*\-m3l alcohol upon the ox3genation speed of 
er3'throc3*te5 of pol3"vm3 hzed dogs While the methods used for this 
purpose are of pureh' relatne character, the results obtamed supplv 
adequate mformation concemmg the condition mvestigated A 
blood sample (5 cc ) is ei acuated to 20 mm of mercur3* for fi\ e mmutes 
and IS then exposed to 0x3 gen ot the atmosphere for fi\ e seconds A 
manometnc ox3-gen determmation is immediateh- earned out there- 
after Table 1 presents the results obtamed with this procedure on 
blood tested before the mtra^ enous mjection of 150 cc of a 5 per cent 
pohxmi 1 alcohol solution and agam 24 hours later 
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accumulations throughout the entire vascular wall, especiall}' in the 
perivascular region of the vasa vasorum, which show under such condi- 
tions also a foam-cellular sweUmg of their endothehum The media 
of the orgamc muscular arteries often exhibits m addition to similar 
endothehal changes a marked vacuolization of the muscle cells, the 
vacuoles bemg filled with globules of pol 3 wmyl alcohol It may be 
mentioned that polj’VTn}’’! alcohol atheromatosis not infrequently 
affects the aortic leaflets by a direct extension of the foam-cellular 
endothehal proliferation from the basal parts of the aorta upon the 
valves Occasionally, a more or less thick coatmg of foam-cells covers 
the mside of the left auncle and permeates its entire wall Necrosis 
hemorrhages and newly formed capfllanes are found m some of the 
more abundant foam-cellular proliferations 

Polyvm}'! alcohol atheromatosis resembles thus closety in develop- 
mental as well as morphological respects the correspondmg atheroma- 
tous changes found m the larger vessels and the hpoid degeneration 
of the media of the arterioles present m human atheromatosis Its 
sumlarity with the experimental cholesterol atheromatosis is equally 
close not only as to development and morphology, but also m regard 
to local distribution as the ascendmg portion of the aorta ot the poly- 
vm 3 *lized animals exhibits more marked atheromatous lesions than the 
abdoimnal part On the other hand, pol 3 rvm 3 d alcohol atheromatosis 
does not displa 3 ' the species-specific limitation possessed by experi- 
mental cholesterol atheromatosis This distmction of the polyvm 3 l 
alconol atheromatosis is endentty due to the fact that no speaes is 
pro\'ided with a metabohc mechamsm capable of dismtegratmg this 
s 3 Tithetic, foreign, macromolecular material 

In contrast to cholesterol atheromatosis m man, the pol 3 n'm) 1 alco- 
hol vanet 3 ’ does not show an 3 ' tendenc 3 ' toward calcification m lesions 
up to three months old Hove\er, a calcif 3 'mg t 3 pe of pol 3 mn 3 l 
alcohol atheromatosis can be ehcited b 3 ' combinmg the parenteral 
admmistration of pol 3 nm 3 d alcohol with an oral mgestion of excessive 
amounts of xutanun D Puppies two to three months old recemng 
25 cc of a 5 per cent polyvm 3 1 alcohol solution mtravenously twice a 
week and 50 000 to 250 000 umts of xntamm D daily b 3 ' mouth until a 
total of S to 10 milhon units is given dunng a penod of 55 da 3 'S, show 
m addition to extensive pol 3 ’VTn 3 l alcohol atheromatous lesions and 
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d llcthy 1 Cellulose Obser^-ations made during the course of experi- 
ments on the toxicopathological effects of repeated parenteral mjec- 
tions of aqueous solutions of a highly -ciscous tj-pe of methj-l cellulose 
into rabbits and dogs lend additional valuable support to the concep- 
tion of the causal d^mamics of atheromatosis developed from the stud}- 
of cholesterol atheromatosis and poh-vunj-l alcohol atheromatosis 
^leth}-! cellulose is a macromolecular poh-sacchande which possesses 
phj'sico chemical properties similar m many respects to those of p>ol 3 ’- 
vmj-1 alcohol Its \tscous aqueous coUoidal solution forms with 
plasma a relativel}' stable emulsion It is preapitated out of its 
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aqueous solution b\* ammomum sulfate, behaiung m this respect like 
euglobuhn Films of methid cellulose, which is chenucalli' relativelj* 
mert render surfaces impemous to the penetration of oils and greases 
of imneral or vegetable ongm 

A two per cent solution of this chemical m normal sahne was m- 
jected mtravenoush' m daili' doses of 20 cc mto rabbits and m dail 3 ’ 
amounts of 65 cc mto dogs for penods of eight to ten weeks In 
addition to extensive orgamc storage phenomena in the spleen, Iner 
kidnei- h-mph nodes etc there occurred m numerous large and small 
arteries localized prohferations of foam-cellular mtimal histiocx-tes 
produemg coatmg of imri-mg thickness or nodular formations Older 
lesions were markedli' cellular and had m part a sclerosmg character 
The media underneath the foam-cellular cushions m the aorta exhibited 
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It vTOuld seem to follow that a coating of the surface of er 3 i;hrocytes 
by polyvm}'! alcohol mterferes with the mterchange of gases across the 
mterface Anoxemia and impairment of the nutation of the vascular 
wall diffusion of mtally essential substances from the blood are 
thus the primary effects of polyimylosis and form the basis of the 
subsequent phagocjdic, prohferative and degenerative changes which 
ultimately result m the development of atheromas 
The apphcation of this method to the blood of rabbits which had 2 
grams of cholesterol m peanut oil added to the daily ration of rabbit 
chow over a period of 9 to 12 weeks, demonstrates that similar condi- 

TABLE 1 
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tions as to the os 3 '-genation speed of er 3 'throcji:es prevail in the 
hpemic blood of these animals In a senes of five rabbits thus studied, 
two (nos I and 2) had been on the above descnbed diet for 12 weeks 
and had then been placed on a normal diet for 8 weeks before the tests 
were made, while m three animals (nos 3, 4 and 5) the special diet was 
maintain ed for 8 weeks and the tests were performed immediateh 
afterwards Table 2 shows the results obtamed The corresponding 
figures of the blood of three normal rabbits are included as control 
values 

The results of these mvestigations suggest strong^' that the causal 
mechamsm active m the production of poljwmyl alcohol atheromatosis 
and of cholesterol atheromatosis is fundamental!) identical 
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p'^ip-n— .p-i?- csx,=cd by the sane agent (Davis and Klainer) or that 
h^'pertensioii is the resnlt or artericscierosis Olorttz and Oldt: Scott'' 

"While the irecaent coexistence of and the alleged relationship 
betrreen hypertension and arteriosderods has been a subject of inten- 
dve study for nany years it is only \-ery recently that evidence vras 
advanced ind-canng that agents nhich loner the vascnlar tonns and 
cause hypotension and a sloning of the bleed non nay also exert an 
arteifostlerotfc erect (Hneper"' 

c Ez p'nersrr- Ag^^:s. Vasoeonstrictfng pressor sno- 

stances are partly of endogenons. partly of exogenons origin Endog- 
enons agents of this type are prod need normally in the suprarenal 
gland by both the nedi-lla adrenahn-epinephrin' and the cortex, and 
in the pcstertor porticn of tne pircitary (piuntrh-pitressin’ A 
pressor pmenpie is generared by the normal h-dney trenin' and. 

It nay be mentioned that appar- 
nhich are chenicahy related to 
epinephrine are also capabie of procwchg hypertension as nehno- 
sarccnas nith ohateral netasntic desmciicn of the scprarenal gland 
have neen fond repeatedly n association vtth narked and persistent 
elevatfons oi tne blood pressne 

The najenty of the exogenons hypvettensive agents are derived from 
vegetable natter •'enhedme. ergon d.ntaLs' othen are of chenicahv 



relatec name bn of s^ntnenc ty; 
or are neta.5 dead' 


etc. 


Tihereas cir 




ital evidence attestins a ■vascnlotoxic 






s — cent iacu_nl cata nc-catng their ahiht;' to pro- 
ecce arteriosclerctic lesions 

-A Scpnrenal MecAia The presence cf necAIarv adenomas 
'pheochronc-r ‘cnas' of the scprarenal as r-eli as the rereatec and 
pro.onged acnnnstration of adrenan fer therape-tic pnposes re- 
sciiiag in the p-nd_ction oi parosc-snal hymnension have oeen fond 
to ce acconpanec n nany irstances inclncing javenhes by tne 
Occurrence o; c severe sne c^eneralncG stlzeromatosis sne mec_nl 
arte-:^sc.erDsi5 vm caicncation ‘Pa A B.col and W.caels Wies-A 
■t^errer Honneyer Is* mm ano Da.tcn Paao E^dhein Ternesen 
t-senDeig ana 'Prci.e'stein and others SmAar necaal necroses 
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often large hyaline necroses which had not infrequently undergone 
calcification The media of the smaller muscular arteries was highly 
vacuolated 

Apart from the fact that these findmgs support the new that an 
impairment of the oxygenation and nutrition of the inner parts of the 
arterial walls, resultmg from disturbances of the physicochemical 
status of the blood, is responsible for the development of certain types 
of artenosclerosis and atheromatosis, there remams the question, 
whether changes m the coUoidal equihbnum of the plasma caused by 
the presence of macromolecular substances of primary or secondary 
foreign character may plaj'^ a role m these reactions and may thus 
represent a more general fundamental etiological prmciple 

5 Agents Affechng the Vascular Tontis and the Ctrcidahon of the Blood 

Chmcal as well as experimental observations link arteriosclerotic 
and arterionecrotic lesions with the action of agents affectmg the 
vascular tonus and the circulation of the blood Inasmuch as such 
changes, if sufficiently widespread, modify the blood pressure by deter- 
mmmg the peripheral resistance to the blood flow, many mvestigators 
consider artenal hypertension as the mam causal factor of degenerative 
vascular disease (Monckeberg) However, m evaluating such rela- 
tions, attention must be given to the fact that an increased blood pres- 
sure IS not always the result of a pathological functional constnction 
of the penpheral artenoles, but may result from other causes, such as 
an mcreased pumpmg action of the heart, an elevated blood volume, 
an mcreased \nscosity of the blood, or a reduced elasticity of the 
vascular walls It is probabty for these reasons that there are cases 
on record m which a hjqiertension was present for several years 
without bemg accompanied by arteriosclerosis at autopsy (Hick) On 
the other hand, it is a well estabhshed fact that extensive arteno- 
sclerotic changes may be found m mdmduals without hypertension 
Such observations ma}^ be attributable to the absence of a hjpertonic 
causal mechanism m these particular mstances, or to the presence of 
hjqiertomc influences of such restricted regional tjqie that they were 
not reflected by an elevation of the general blood pressure (Pal) The 
apparentfy contradictoiy- nature of these findmgs has given rise to the 
claim that hjqiertension and artenosclerosis are merefy coincidenta 
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tive changes ensue from a disturbance of the nutrition of the \'a5cular 
wall due to an impeded circulation in the vasa ^-^so^^Im and an un- 
paired fiiud exchange m the wall of the aSected ve^els produced bj* 
ischemia (Erdheim) The last mentioned wew is held by only few 
m\*estigators espeoaUi' Lange The intimal prohferations frequently 
accompan\Tng more prolonged actions of adrenahn are looked upon m 
general as compensatory* phenomena. 

B Adrenal Cortex and Pituitary Arteriosclerosis of marked degree 
and precocious appearance has been observed m individuals with 
tumors of the suprarenal cortex as well as in persons with a basophihc 
adenoma or the anterior lobe of the pitmtary which is usually asso- 
ciated with a hyperplasia of the adrenal cortex (Fishberg IMamaer 
^loltschanou and Daiydowski Cushing and others) Both types of 
tumors are accompamed by a continuous \*ascular hypertension It is 
of importance m this connection that Ferrebee Ragan Atchley and 
Loeb found that large doses or desoxycorticosterone can ehat hyper- 
tension m man This obsercation is m disagreement with the con- 
ception held by Raab who asserted that tne \-ascular hypertonia and 
arteriosclerosis found m connecnon with adrenal cortex hyperplasia 
or neoplasia is due to the action of a cortical hpoid-adrenahn complex. 

There exists no vahd ewdence indicatmg that the postenor pituitary 
liquid (pitmtnn pitressm) plays a part m the pathogenesis of hyper- 
tension and thus o: artenosderosis (Grollman Hamson and \ililiams 
Hoy le Pagel 

C Sidney Chmcal onseivations and experimental ewdence show 
that chronic glomerulonephritis chrome pyelonephntis chrome 
perinephritis and chrome obstruction of the blood flow in the renal 
artery* causing renal ischemia are accompanied by arterial h\ 3 )erten- 
sion and artenosclerosis While it is known from the exnerimental 
work of Goldblatt Page Wintermtz and others on renal h\'psrtension 
that the production of a renal ischemia is followed by an increase m 
blood pressure and that suosequently* widespread artenosderotic and 
artenonecrotic l^ons are observed there is no agreement on the 
point, whether m human hypertension of renal ongm the arteno- 
and arteriolosderosis of the renal vessels is a p*imar\ local deaenerati\ e 
process precedmg the de%-dopment of the hypertension and bemu 
responsible for it (Scott) or whether the ^■ascular lesions are the result 
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lia% e been elicited in the aorta and in the coronarj^ arteries of rabbits 
the repeated injection of adrenalin by many investigators (Josue, 
Thorel, Schultz, Fischer-Wasels, Iwanovrsky, Stief and Tokay, and 
others) The expemnental medial degenerations are spotty and 
circumscribed lesions The muscular debris primarily formed is 
replaced later by connective tissue or undergoes calcification or hque- 
faction resultmg m cavitation with edematous flmd between the 
cellular debris There is no leucoc5'tic reaction, but a regeneration of 
hypertrophied muscle cells may’^ ensue A proliferation of the intuna 
located m prosumty to the mjured medial area, as weU as a deposition 
of cholesterol mto these mtimal thickenmgs, may appear subsequent!}* 
The thoracic aorta of rabbits is the main site of these lesions, while 
the abdommal aorta and the pulmonary’' artery are less extensively 
mvolved (Anitschkow) Boven as well as von Koranjn reported that 
the administration of lodme preparations simultaneously’’ with the 
mtroduction of adrenahn prevents the development of adrenahn 
sclerosis m rabbits 

Hyperadrenahsm has been imphcated for these reasons by some 
observers (Goldzieher, Paul, Fischer-Wasels, Marchand) as a mam 
factor active m the genesis of human arteriosclerosis, and e:qienmental 
medial sclerosis caused by adrenahn treatment has been likened to the 
media calcification of ISIonckeberg (Lange) However, there exists no 
rehable e%*idence mdicatmg the presence of a hyperactive suprarenal 
gland m the great majority” of cases of human artenosderosis The 
absence of an mcreased adrenahn content of the blood and of a mor- 
phologically demonstrable hyperplasia of the suprarenal medulla 
nuhtates agamst the existence of a causal relationship between hyper- 
adrenahsm and ordmary” arteriosclerosis (j^ionckeberg, Jores, Eisen- 
berg and Wallerstem) while the different local distribution of adrenahn 
sclerosis and of iMonckeberg’s media calcification of the artenes of the 
extremities pomts to different causal factors for these two conditions 
The causative mechanism responsible for the adrenahn media 
necrosis has been variously explamed Some estigators assert that 
the muscular degenerations are the result of a functional overexertion 
of the media, caused by the \ascular hypertension, others beheie that 
adrenahn exerts a direct toxic effect upon the muscle tissue of the 
artenes, while a third group of m\ estigators claims that the degenera- 
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occcDatioaaL contact vritli tobacco or mcotme in the fonn of dost or 
sprav or an environnentai eroostire to these agents m the loim oi 
smoke ntay not onlt- be erfologicaliy related to the development o: a 
thrombo-angiitis obliterans b_t also to ht-perrension and arterto- 
sderotic changes espedall^' of the coronary- arteries (Aschok Hilpert- 
Stratiss AiutscnkoT' Kcelsrh English V, ihias and Berkson Wright 
and klonat. kloyer and hfaddock, Weicker and many others'' 
"^Tiereas the rlimral and statistical evidence sach as cccorrence oi 
angina pectoris carciac palpitation tachycardn or bradycardia 
ht-pertensfon freqnenci- of coronary sclerosis and related card-ovas- 
ctlar manifestations (supporting a ^asDspastlC and snoseqnently 
axtenosderotic action of nicotine' is not entfrehc conclasi-'m. it may be 
mentioned that Adler and Kensei by the acmimstraticn of nicotine 
to rabbits prodnoed arteriosclerotic lesions similar to these eliated 
by adrenalin 

Raab proposed thar nicotine everts such an enect by mooliining 
adrenalin thereby maning acrenaiin the directly active agent. This 
conception recel^-^s some support from the obsenvatfons made bj- 
Staemnier in rats snmected to chronic nicotine poisoning Staemm- 
ler found in an apprenabie proportion of rats tnu.s treated mediiliam* 
adenomatOL.5 hiperplasias of the adrenal m addition to a sclerosis of 
vario_s organic art enes resemoling that seen In aorenalin poisoning 
(Scluniedil 

F Digital -s Glycos-Ces While it is asserted that the circulatory- 
changes foUoTrmg tne therapeutic administration of digitals glvco- 
sldes are secondary.' to the erects on the caroiac tonus direct vaso- 
constrictor erects ana marked hj-pertension can oe aemonsrrated 
vhen tins (hug is used in experimental aniTu-vs t'Bhckensdon'er and 
McGmgan'' It is tterefore oi sigmncance that Fischer-Wasels 
Flota anc Alorelh onservea iH raoDits tne occurrence oi med.al 
necroses and calancanons after the injection oi (Lgitais preparanons 
anc mat Hceper ana IcUuuovsm reported the presence of edema and 
h\-ahne degeneration of me coronciy- anc renal arteues and arteno’es 
In cats simiiariv treated It mn\ oe notec also mat ove'cimtailna- 
ton in man may result (Kca s ionadx in trars ent blincness suen as is 
seen not mfrequentli m connection vnth chronic leac posonmu as tne 
erect of ischenua causec o\ a transro-}.- spasm cf tne cerenm] a-tenes 

G Camame Alechan.sm of Hxpertomc Arteucscle-os's Corslc- 



of a prolonged vasospasm elicited direct^ or mdirectly by a renal 
pressor prmciple generated m a diseased kidney or by some extra renal 
hj’pertensive factor, making m the latter case the parench}'matous 
renal changes secondary to the vascular ones, which m turn would 
represent a partial phenomenon of a more generalized arterial disease 
It IS obxnously often difficult or impossible to reconstruct from clinical 
or pathological data the correct sequence of events However, the 
known facts indicate that renal hypertension may be pnmar}^ when 
caused b}?^ renal ischemia, as weU as secondary when following the 
parench}miatous changes ensuing from a primary renal arteno- or 
artenolosclerosis ehcited by some extrarenal artenosclerotogenic agent 

It IS also uncertain whether the medial necroses characteristic of 
mabgnant human nephrosclerosis and found m dogs durmg the late 
stage of ischemic renal arteriosclerosis, are caused by the same agent 
which ehcits the sclerotic lesions of bemgn nephrosclerosis, or whether 
they are attributable to the action of a special, accessory, necrotizmg 
factor (Wmtemitz) which is superimposed upon the pressor agent 
IMiereas a defimte decision is not possible at this time, proper consid- 
eration should be given to the fact that many artenosclerotogenic 
agents (adrenahn, intarmn D, parath3noid hormone, nicotme, lead, 
digitahs glycosides, mtntes, etc ) seem to favor the development of 
regressive and sclerosmg lesions when actmg m moderate mtensity 
and over prolonged periods, while causmg medial necroses m exces- 
sivety large doses 

D Lead Enwonmental and occupational exposures to lead and 
its compounds have shown that this metal ehcits a spastic reaction 
m the smooth musculature, mcludmg that of the arteries and arterioles 
of various organs, especiall}'’ the bram and the kidneys, resultmg not 
only m secondary fimctional disturbances and parench3Tnatous 
changes m these organs, but also m sclerosis and calcifications of the 
artenal and artenolar walls It is noteworth}" m this connection that 
chrome lead poisoning is not consistently associated with h3’perten- 
sion, but that m man3’^ mstances the blood pressure is either normal or 
even reduced, dlustratmg stnkmgl3’^ the fact that more or less locall3 - 
restricted artenal h3'pertonia is not necessarily reflected b3 an ele^ a- 
tion of the general blood pressure 

E Nicotme Obser\-ations made among workers of the tobacco 
mdustry as well as among habitual smokers suggest that an excessn e 
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ob\'ious that a lengthening of the S3^stohc phase assoaated virth an 
exaggerated myocardial contraction creates a state of circulatoiy 
stasis m the mj'ocardial vessels resultmg m turn m the production of a 
m3’ocardial anoxemia, vbich is most pronounced m those parts of the 
m3’Ocardium located near or be3*ond the end of the blood suppl3' line 
1 e , the subendocardial and papiUaiy’^ regions where the ischemic 
necroses and hemorrhages are found It ma 3 ' be added that ver3' 
smular m3'ocardial changes occur m connection with adrenahn poison- 
mg (Franz, Josue, Fischer-Wasels, Ziegler, Stief and Toka3*, Iwanow- 
^3', Fleisher and Loeb, and others) 

b Hypotojuc-Hypoia.ske Agents Vasodilating depressor sub- 
stances are either the products of endogenous metabolism, such as 
histamme, acet3-lchohne and its derivatives (rQechol3*l and the hke) 
or the3' are of exogenous ongm, such as inorgamc and orgamc mtrites 
and mtrates (sodium mtnte, am3-l mtnte, mtrogtycerm, eiythrol 
tetramtrate eth3lene gtycol dmitrate mannitol hexamtrate, etc), 
meth3-l xanthmes (cafieme, theobromme theoph3lhne, ammoph3l- 
hne), eth3-l alcohol barbiturates carbon monoxide, cn-anide, atropm, 
etc VTule some of these agents displa3', when given m moderate 
dos^, a more or less transitor3- vasopressor effect b3- actmg either 
simultaneousl3' on the heart (cafieme) or b3' contammg a pressor 
component (acet3'lchohne), all of them are vaso depressants when 
present m excessive amounts and ma3’ cause a persistent h3-potension 
when actmg oi er prolonged penods (barbiturates mtntes) 

The relative rarit3' of pathological h3’potensive states m comparison 
to the mcidence of hi-pertensive conditions ma3' account m part for the 
fact that little attention has been paid heretofore to the possibihti' 
that regionari or generalized x'ascular h3-potoma ma3’ be mvolved 
m the production of artenal degenerative disease It is, however a 
well established observation that an mordmateli' prolonged and 
mtensR e relaxation of the arterial wails with resultmg fall in blood 
pressure and slowmg of the blood flow is followed b3’ a proliferation 
of the mtima and bi' a degeneration of the media with gradual oblitera- 
tion of the \ascular lumens (Ceelen Fischer-Wasels) Moon has 
pomted out moreover that an undue distension of the vascular wall 
causes a compression of the vasa vasorum 

Recent dmical pathological and experimental endence supports 
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ermg the evidence presented concerning the apparent relationship 
between arterial hypertonia and degenerative vascular disease, it 
stands to reason that prolonged or frequently recurring excessive con- 
tractions of the arterial walls effect a disturbance of the nutritive 
conditions and the oxygenation of the tissues and thereby ehcit 
regressive changes The following causative mechanism is active 
Inordmate vasoconstnctions result m a reduction of the blood flow of 
the vasa vasorum as these are compressed by the contractmg media 
causing thereby, especially m the mner portions of the vascular wall, 
ischemic hypoxemia accompanied by an accumulation of metabohc 
waste products There is moreover an mcreased production of these 
metabohtes because of the extraordmarily marked functional activity 
of the muscle cells The ensiung mjuiy to the vascular tissues, espe- 
cially their sensitive endothelial Immg, leads finally to the develop- 
ment of an mcreased permeabiht}’’ with the subsequent infiltration of 
constituents of the plasma, thereby preparmg the way for secondary 
degenerative and necrotizmg reactions as well as prohferative 
responses 

The vahdity of this conception is attested by dynamic conditions 
present m the heart of animals subjected to lethal poisonmg by para- 
th3'T0id hormone (Hueper), vitamm D, and digitahs glycosides 
(Lewitzsky, Bauer, Bauer and Fromherz, Bauer and Remdell, Hu, 
Lieu and Li, Lendle, Korth and Spang, Lmdner, Buchner, Weese and 
Dieckhoff, Schulze, Hueper and Ichmowski), which leads to the pro- 
duction of myocardial as well as arteriolar lesions In an evaluation 
of the causative factors responsible for the hemorrhages and myo- 
cardial necroses found under these conditions, it is of significance that 
the topographical relations of the myocardial arteries and arterioles 
to the surrounding muscular tissue of the heart are approximately 
the same as those of the vasa vasorum to the muscle tissue of the 
arterial media The cardiac effect ehcited by excessive doses of the 
three substances mentioned consists of an extraordmarj’^ prolongation 
and accentuation of the s3'stohc contraction and of an mcomplete and 
shortened diastolic dilatation of the ventricles Inasmuch as nor- 
mally the coronar3’^ arterial curculation is at a standstill during the 
peak of the s3’-stoIe because the coronar}' arterioles are compressed by 
the bulges of the contractmg myocardium (von Anrep, Fock), it is 
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ob^TOUs that a lengthening of the systohc phase assoaated with an 
exaggerated myocardial contraction creates a state of circulatory 
stasis m the myocardial vessels resultmg m turn m the production of a 
myocardial anoxemia, which is most pronounced m those parts of the 
myocardium located near or beyond the end of the blood supply hne 
1 e , the subendocardial and papillary regions where the ischeimc 
necroses and hemorrhages are foimd It may be added that very 
similar myocardial changes occur m connection with adrenahn poison- 
mg (Franz, Josue, Fischer-Wasels, Ziegler, Stief and Tokay, Iwanow- 
sky, Fleisher and Loeb, and others) 
b 'Eypotomc-Hypoiensi'oe Agents Vasoddatmg depressor sub- 
stances are either the products of endogenous metabohsm, such as 
histamme, acetylchohne and its derivatnes (mecholyl and the like), 
or they are of exogenous origm, such as morgamc and organic mtntes 
and mtrates (sodium mtrite, amyl nitrite, mtroglycerm, ei^throl 
tetramtrate, ethylene glycol dmitrate, manmtol hexanitrate, etc), 
methyl xanthmes (caffeme, theobromine, tbeophylhne, ammophyl- 
hne), ethyl alcohol, barbiturates, carbon monoxide, cyanide, atropin, 
etc I\Tule some of these agents display, when gi\en m moderate 
doses, a more or less transitorj' vasopressor effect, by actmg either 
simultaneously on the heart (caffeme) or by contammg a pressor 
component (acetylchohne), aU of them are vasodepressants when 
present m excessive amounts, and may cause a persistent hj^potension 
when actmg over prolonged periods (barbiturates, nitrites) 

The relative rarity of pathological hj'potensive states m companson 
to the mcidence of hj^pertensive conditions may account m part for the 
fact that httle attention has been paid heretofore to the possibihty 
that regionarj or generahzed vascular hj-potoma may be m\ohed 
m the production of arterial degeneratu e disease It is, howe\ er, a 
well estabhshed observation that an mordmately prolonged and 
mtensne relaxation of the arterial walls with resulting fall in blood 
pressure and slowmg of the blood flow is followed by a prohferation 
of the mtima and bj' a degeneration of the media with gradual obhtera- 
tion of the vascular lumens (Ceelen, Fischer-Wasels) INIoon has 
pomted out moreover that an undue distension of the vascular wall 
causes a compression of the vasa vasorum 
Recent clmical, pathological and experimental evndence supports 
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the contention that prolonged or often repeated arterial hj-potension 
IS an important etiological factor m the development of arteriosclerosis 
by mterfermg inth the proper ox 3 'genation and nutrition of the 
vascular vraUs 

A Histamine Histamine which produces, when given in sufficient 
doses, a marked relaxation and a considerable mcrease m the perme- 
abihty of the vascular waUs followed by a pronounced drop m blood 
pressure, elicits m rabbits subjected to small doses over a prolonged 
period, a swelhng and plasmatic mfiltration of the walls of the small 
and medium sized coronary artenes with clumpmg of the nuclei 
The pulmonary artenes are firmly contracted and display a snoUen 
and loosened media and local mtimal thickenings (Hemlem, Meessen, 
Ruhl) In more advanced stages of chrome histamme poisoning, the 
media of the m 3 mcardial coronary artenes is replaced by connective 
tissue, and the mj’ocardium, especially the papiUary muscles, contams 
numerous necroses and hemorrhages IMeessen as well as Hemlem 
attributed these changes to the production of a stagnant anoxemia 
resultmg from the circulator}' failure The ensuing endothehal 
damage and mcreased vascular permeabihty to plasma ultunately 
leads to the development of sclerotic lesions 

B Acetylchohne A similar mechanism is apparently responsible 
for the arteriosclerotic changes found m the coronar}' vessels of am- 
mals treated with acetylchohne, as this substance produces a dilata- 
tion of the artenoles, a lowermg of the blood pressure and, upon the 
administration of larger doses, a slowmg of the heart action, causmg 
thereby an unpaired circulation and a vascular h}'poxemia (Hall, 
Ettmger and Bantmg, Hemlem) 

C Nitrites Recent experimental m\ estigations on chronic nitrite 
poisomng of young rats, which were subjected for a period of 5 to / 
months to mcreasmg amormts of eiy'throl tetramtrate, showed that an 
appreaable percentage of the animals thus treated de% eloped at an 
extraordmarily early age extensive artenosclerotic lesions m vanous 
organs (Hueper and Landsberg) These lesions consisted of medial 
degenerations of a hyahmzmg, necrotizmg and calcrfSing tjpe, as 
well as intimal thickenmgs and penvascular fibrosis affectmg the 
artenes of the bram, heart, lung, kidney and testes It is notewortb}' 
that similar vascular changes (coronar}- sclerosis, media degeneration 
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and mtimal thickenings of myocardial artenoles, media degeneration 
and calcification of cerebral arteries accompamed sometimes bj* 
extensive perivascular fibrosis or accumulation of gha cells and brown 
pigment arteriolar sclerosis of the renal vessels etc ) have been 
observed m chemical workers exposed to mtntes and showing during 
hfe the simptoms of chrome mtnte poisoning (excessivel}' low blood 
pressure attacks of angma pectoris, brad3-cardia or tachi-cardia 
passive congestion of mtemal organs mdigestion, diarrhea mental 
detenoration etc ) Sudden death occurs often at a relativel}' earh* 
penod of adult hfe with the simptoms of a coronarj" thrombosis or 
cerebral paresis (IMeixner and iMajubofer, Fischer, Lowj- Laws, 
Ebnght Robert Schulz, and others) 

Commenting on the dimamics of the arterial pathologi" obsen ed m 
experimental and occupational mtnte poisonmg Hueper and Lands- 
herg pomted out that nitrites cause by a relaxation of the walls of the 
penpheral artenoles with the resultant drop in blood pressure and the 
slowing of the blood flow a state of chronic passive congestion and 
stagnant hi-poxenua Confirmatory eindence concemmg the pres- 
ence of a circulator}' embarrassment was deduced from the fact that 
the rats subiected to chrome mtnte poisomng exhibited dunng the 
earl}' part of the experiment a hemoglobmosis followed dunng the 
latter part b}' a persistent eiythroci'tosis of compensator}- character, 
which was assoaated with a marked leucostatic leucocn-tosis m the 
penpheral vessels The conclusion drawn from this endence was 
that an excessive dilatation of the vascular walls such as that resultmg 
from a prolonged effect of mtntes causes a partial compression of the 
vasa vasorum and that the untoward effect produced by this condi- 
tion upon the nutation of the vascular wall Kpeaally its mner tturd 
IS aggra\ ated by an undue slowmg of the blood flow and by a patho- 
logical lowenng of the blood pressure This combmation of factors 
impairmg the ox} genation nutati\ e exchange and discharge of waste 
metabohtes of the vascular tissues leads ultimately to the develop- 
ment ot degenerative changes m the vascular walls, affectmg particu- 
arly the artenal v^sels of those organs (bram heart) most readil} 
respondmg to the mtntes 

It ma} be pomted out m support of this conception that chrome 
mtnte poisonmg is characterized by the presence of degenerative and 
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fibrotic changes in the myocardium, such as those seen m connection 
with repeated adnunistration of histamine and as the result of poison- 
mg with hypertomc agents (adrenahn, parathyroid hormone, vitamm 
D, chgitahs gtycosides, etc ), mdicatmg that a common fimdamental 
causal mechanism is imderlymg the artenosclerotic as nell as the 
associated parench^nnatous orgamc degenerative changes 
D Carbon Monoxide Carbon monoxide is not known to be 
etiologically mvolved m the production of the ordmary type of arterio- 
sclerosis Brief mention, however, may be made of the degenerative 
and calafymg medial lesions and mtimal proliferations found espe- 
cially m the cerebral vessels as the result of accidental or experimental 
acute and, particular!}', repeated carbon monoxide poisomng The 
development of this condition is accompamed by a marked vasodilata- 
tion, a lowermg of the blood pressure, an increased vascular penne- 
abihty, and a hematogemc anoxemia due to the formation of carbon 
monoxide hemoglobin m addition to the stagnant anoxemia resulting 
from circulator}* failure The anatomical vascular effects assoaated 
with carbon monoxide poisonmg and its resultant anoxemic conditions 
are of significance in regard to the causal dynamics responsible for 
artenosclerotic changes, as the vascular manifestations of carbon 
monoxide poisoning are very similar to those ehcited by the adminis- 
tration of massive doses of vasculo-tonic agents, such as adrenahn, 
nitntes, histamine, etc , related to the genesis of artenosclerosis 
E Lowered Atmospheric Oxygen Experimental studies conducted 
by Buchner and Luft suggest that an excessive exposure to a reduced 
atmospheric pressure with the resultmg h}’poxemia may be the cause 
of arterial and myocardial degenerative lesions vhich are morphologi- 
cal!}' identical with those seen after the exposure to the previously 
mentioned anoxemic agents These authors found in rabbits and 
guinea pigs subjected to a lowered atmospheric pressure, corresponding 
to the conditions existmg at about 8,000 meters altitude, mybcardial 
degenerations and necroses and medial degenerations and necroses 
of the aorta m addition to degenerative changes m the bram These 
observations are of particular importance from the standpoint of 
amation medicme, espeaaliy as sudden deaths from coronary throm- 
bosis m diseased coronar}* vessels have been obsen'ed in comparatn ely 
}oung pilots (WTiite) 
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COiDIENT 

Tlie e\idence presented supports the onginal thesis that the funda- 
mental and general causal mechanism of degenerative artenal disease 
IS an impaired nutrition and osA'genation of the vascular vail resultmg 
m endothehal damage, mcreased mtimal permeabdiU', and the infiltra- 
tion of plasma into the subintunal tissue foUoved bi- the proliferation 
of endothelial cells and the degeneration of the muscular and elastic 
elements of the media If the plasma contains persistenth* or transi- 
entlj- pathologicalli* large amounts of cholesterol or phisicochemicaUi 
related substances formmg emulsions vith the plasma there occurs a 
retention of tin-; material m the prohferatmg endothehal cells vith the 
ultimate formation of atheromas representmg thus a special morpho- 
logical vanetA" of artenosclerosis The second morphological ti-pe of 
artenosderosis on the other hand is caused by highly excessive con- 
traction or relaxation of the artenal vah through the action of hyper- 
tonic or h}-potomc agents respectively gl^■mg rise to the development 
of pnmaiy* medial necroses and calcifications The secondarj- cal- 
cification of medial necroses is hastened and enhanced if the pnmarj' 
causal \-asculotomc factor (parathiToid hormone mtamm D) produces 
at the same time a disturbance m the calaum metabolism or if a high 
blood calaum level is present normally as m herbivorous animals 
Tjpe and dose of the etiological agents thus influence to a certam 
extent the morphological ti-pe of the resultmg arteriosclerotic lesion 
It may be mentioned hovever that no fundamental distmction exists 
m the reacti\nU' of elastic and muscular arteries as the direct hpoid 
degeneration and hyalmization of the media of the muscolar arteries 
and arterioles as veil as the correspondmg changes m pohxmyl 
alcohol atheromatosis are attributable to difi'erences in the anatomical 
structure of these artenes from that of the large vessels The mor- 
phological 1 anations influence the penetrabihty of the hpoids or of the 
pol\-anyl alcohol mto the ^•ascula^ vail A sharp distmction betveen 
artenosclerosis and artenolosderosis tnerefore cannot be made, 
especiall}- as both t}.-pe5 of vessels are often simultaneously m^ olved 
^Tienever the artenosderotic process is found restncted to one kmd 
of artery the t^-pe of the artenosderotogemc agent its aSnity for 
certam orgamc vessels and the mtensity of its action or its dose com- 
bme m accountmg for such a distnbution 
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The various etiological agents causing arteriosclerotic changes by 
interfering with the nutrition and oxj'genation of the vascular walls 
may bring about this result by one of the following three effects 

1 Chemically mert, film- and emulsion-forming agents (choles- 
terol, polj^myl alcohol, methyl cellulose and, possibly, pathological, 
large molecular protem complexes) present m the plasma impair the 
gaseous and nutritive exchange in the mterface of blood and vascular 
wall 

2 Hypertonic agents cause not only an excessive densification of the 
vascular tissue with an exaggerated functional and metabohc stimula- 
tion of its component elements, but also a compression of the vasa 
vasonim resultmg m an ischemic hj'poxerma and aggravating the dis- 
turbances m the diffusibility of the vascular tissues to nutritive and 
waste metabohtes 

3 Hypotonic agents produce bj^ an excessive dilatation of the vas- 
cular walls a compression of the collapsed vasa vasonim, a slowing of 
the blood flow and a lowermg of the blood pressure, causmg thereby a 
stagnant anoxemia m the vascular wall and an unpaired gaseous 
exchange between the blood and the surrounding vascular tissues 

The variations occurnng m the regional distnbution of degenerative 
arterial disease depend m part upon the nature of the etiological agent 
and the causal mechanism conditioned thereby It is obinous that 
the physicochermcal hematogenous disturbances are apt to produce 
more or less generalized atheromatous or artenosderotic lesions 
However, chnical observations made m diabetics, as well as experi- 
mental findmgs, mdicate that static conditions influence the frequency 
and seventy of the resultmg atheromatous responses The relativel}' 
high mcidence of such lesions m the arteries of the lower extremities 
m companson to that of the upper extremities seems to bear out this 
statement (Lange, Joshn, ilonckeberg, Jlornson and Bogan) The 
more frequent and severe mvolvement by atheromatosis of the abdom- 
mal aorta m man, m contrast to the correspondmg condition m the 
ascendmg part m animals pomts m the same direction An exception 
seems to be presented by manual laborers such as street pavers, who 
show, accordmg to Kulbs, a high incidence of arteriosclerosis of the 
arteries of the arms, suggestmg that nutntive madequacies of the 
vascular walls brought about by prolonged and excessive functional 
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(Lundsgaaid. Nielsen and ,0rskov) It does not seem likely that a 
therapy nluch eitlier counteracts more specifically the causal agent, 
or which ehnnnates it from further operation, can accomphsh more 
The relatne importance of preventive measures m the control of 
arteriosclerosis is for these reasons becommg mcreasmgly obvious 
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The stud}' of the epidemiolog}' of human pohomyehtis has been 
handicapped by the lack of a suitable susceptible esperunental animal 
Until recently the only available animal teas the rhesus monkey (1 2), 
an animal which has vert- serious disadvantages Firstl}' it is ex- 
pensive thus limiting the amount of work possible Second!}' it has 
by no means been estabhshed that the disease produced espenmentally 
m this animal is the exact counterpart of the inlection as observed m 
man The chimpanzee (3) and the c}'nomolgo5 (4) monke}'s prob- 
ably more satisfactoi}' for expienmental work are stiU more exp>ensive 
and not a^allable m large numbers The rhesus monkey however, 
has pro\ ed to be mN'aluable m eluadatmg the etiolog}- of human poho- 
myehtis B}' its use it has been possible to shov. that the cause of 
pohom} ehtis is a t}pical filterable ^^^us with a marked affimt}- for the 
nervous tissues particularly for the neurons of the anterior horns of 
the spmal cord By means of ultrafiltration (5 6) it has been shown 
that this \-irus is one of the smallest shanng honors as the smallest 
known \-irus with that of foot and mouth disease The diameter of 
the ^-lrus particle is m the neighborhood of 10 mp This fact excludes 
defimtely from consideration m the etiolog}- of the disease ^a^ous 
nucro-orgamsms such as streptococa (7) or other structures such as 
the globoid bodies (8), which have at one tune or another been ad- 
vanced as ha^-mg etiological significance 

In the rhesus monke} the ^-lrus is strictly neurotropic Xo eMdence 
IS a\ aJable that it can mfect and mulfaph m this animal m an} tissue 
except that of nerx'ous ongm This idea of strict neurotropism of 

’ DeLamar Lectu-e la H\ pe-’e The Joh-s Ho-itias Unu crsiu School ot H\ nene and 
ScbLc Hcalrii, \D-il S 194r 
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the VITUS as shown m the rhesus monkey has colored the ^news of 
workers, particularly m the TJmted States, as to the disease in man 
Thus, it was generally assumed that m man, too, the only tissue sus- 
ceptible to infection was nervous tissue, an h}'pothesis which required 
a great deal of mgenuity to substantiate One of the strikmg features 
of pohomyehtis is that it is a disease chiefly of young children This 
fact is emphasized by its common name, mfantile paralysis An ex- 
planation had, consequently, to be found for the relative resistance 
of the older age groups of the population It was assumed that these 
had become immunized as a result of subdimcal infection and, m keep- 
mg with the stnct neurotropism of the vuus in monkeys, that this 
infection was m the nervous system 
Evidence that the relative msusceptibihty of older mdividuals 
was due to a previous immuniz ing infection was early forthcoming 
Fustly, from the experimental side, it was shown that monkeys which 
survived an experimental infection developed antibodies which had 
the power of speofically neutrahzmg the virus of human pohomye- 
htis (9) Secondly, it was shown that m the serum of children con- 
valescent from the disease similar neutrahzmg antibodies could be 
demonstrated (10) It vas, consequently, reasonable to assume that 
the presence of such specific antibodies was due to a prenous infection 
with the iTrus Following this hne of mvestigation, it was soon found 
that presumably normal mdixaduals (11), that is, mdividuals vho 
neither had suffered from an attack of pohomyehtis, nor, as far as 
could be determmed, had had contact with a case of pohomyehtis, 
harbored these specific antibodies m then serum The mcidence of 
these antibodies was low m the younger age groups but reached close 
to 100 per cent m adults (12) 

In attempting to solve the nddle of the epidemiology of the disease, 
two questions had to be answered firstly, how does a child developing 
pohomyehtis contract the infection, and, secondly, how does the vast 
majonty of the population become immunized It was assumed that 
these two questions v ere simply two different ways of askmg the same 
question IITiat is the portal of entr^- of the ^•lrus^ A possible solu- 
tion to fhw question was agam furnished by experiments on rhesus 
monkeys, for it was shown early that an infection could be produced 
m this animal by the mtranasal mstiilation of \txus (13) and that virus 
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could be shoTm to be present in the nasopbaiATix of infected animaU 
(1-1) The hj-pothesis ttbs established that this vras the portal of entn,- 
in man and as a coroUaiA' that the Tirus vras spread from man to man 
by droplet infection In other -vrords both entr\' and emt of the ^mis 
tvere through the upper respiratory tract. As supporting evidence 
for this h^'pothesis it vras shovm that the virus of pohomv'elitis could 
be demonstrated at times m the nasopharvmx of patients surermg 
from the disease (15) A diScultv- however vras immediately ap- 
parent for epidemiological studies had shown that there was verv’ 
httle if any evidence of contact between cases Consequently, the 
source of infection other than that furnished bv- actual cases of the 
disease had to be found And m fact, it was shown with a great 
deal of difh mltv- that the virus of pohomv'ehtis could on occasion be 
isolated from the nasopharv-nx (16) or tonsils (17) of apparently nor- 
mal mdividuals 

Our interest m the study of the epidemiology of poL.om3*e]iti5 dates 
from the discoverv' of a spontaneous disease m white mice closely 
simulatmg the caxdmal features of human pohomv-ehtis (IS) 

Early m 1933 a mouse was foimd among our normal stock presentmg 
a flacad paral\-sis of the hmd legs This animal was killed and pyor- 
tions o: its bram and spinal cord were used for transmission purposes 
and for pathological study By mtracerebral moculation of other 
mice a similar condition was produced and the infection could be 
mamtamed mdenmtely by senal passages in these animaU CLni- 
cally the disease m mice is a replica of human pohomyehtis Follow- 
ing inoculation and an incubation varying m length dependmg upon 
, the concentration and the stram of virus used the ammaU became 
paralv-zed The paralv'sis was of the Sacdd tv-pe thus moicating a 
lower motor neuron damage The degree of paralv-sis varied Some- 
tunes onlv' one hmb was aSected at other times the paralysis spread 
rap.dly leadmg to the death of the animal In mice which hved the 
degree of paralv-sis became less mdividuals which were only shghtlv 
paralv-zed apparently recovered completelv On the other hand ani- 
mals which were markedly paral\-zed never recovered the ruU use oi 
their limbs Marked deformities resulted with extreme emanation 
of the permanently anected muscles .\part from the paralvsis there 
were no other signs Only m the central nervous ^-stem could les.ons 
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the virus as shovm in the rhesus monkey has colored the views of 
workers, particularly m the Umted States, as to the disease m man 
Thus, it was generally assumed that m man, too, the only tissue sus- 
ceptible to mfection was nervous tissue, an h}’pothesis which required 
a great deal of mgenmty to substantiate One of the stnkmg features 
of pohomyehtis is that it is a disease chiefly of young children This 
fact IS emphasized by its common name, infantile paral3’^sis An ex- 
planation had, consequently, to be found for the relative resistance 
of the older age groups of the population It was assumed that these 
had become immunized as a result of subchmcal infection and, in keep- 
ing with the strict neurotropism of the vuus m monkey's, that this 
infection was in the nervous system 

Evidence that the relative msusceptibihty of older mdividuals 
was due to a previous unmunizing infection was early forthcoming 
Firstly, from the experimental side, it was shown that monkeys which 
survived an experimental infection developed antibodies which had 
the power of specifically neutrahzmg the virus of human pohomye- 
htis (9) Secondly, it was shown that m the serum of children con- 
valescent from the disease similar neutrahzmg antibodies could be 
demonstrated (10) It was, consequently, reasonable to assume that 
the presence of such specific antibodies was due to a preiuous infection 
with the virus Followmg this Ime of mvestigation, it was soon found 
that presumably normal mdinduals (11), that is, mdividuals who 
neither had suffered from an attack of pohomj-ehtis, nor, as far as 
could be determmed, had had contact with a case of pohomyehtis, 
harbored these specific antibodies m their serum The mcidence of 
these antibodies was low m the j ounger age groups but reached dose 
to 100 per cent m adults (12) 

In attemptmg to solve the riddle of the epidermology of the disease, 
two questions had to be answered firstly, how does a child de\ eloping 
pohom>'ehtis contract the infection, and, secondly, how does the vast 
majority of the population become raununized It was assumed that 
these two questions were simply two different v aj"s of asking the same 
question 'W'hat is the portal of entrj* of the %irus^ A possible solu- 
tion to tbis question was agam furmshed by experiments on rhesus 
monkey s for it was shown early that an mfection could be produced 
m this animal the mtranasal mstillation of \nru5 (13) and that wrus 
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of a more virulent strain We \vere thus able to immunize mice 
successfully by inducing a dinicaUt' mapparent. as vrell as an apparent^ 
infection of the central nervous system for we were able to show that 
mice mocalated intracerebrally with an almost avirulent stram never- 
theless had an infecuon of the central nervous s}*stem The proof of 
this was shown by isolatmg ^■lru5 from the spinal cords of such animals 
as well as by pathological study. 

Apart iron the mtracerebral method of immunizing animals we 
were able to demonstrate that mice which remamed well foUowmg an 
intranasal mstillation or an mtrapentoneal moculation of vims were 
rendered relatively msusceptibie to a subsequent mtracerebral mocu- 
lation In neither instance was evidence obtamed that the immunity- 
produced was due to an infection of the central nervous sy-stem The 
degree of this immunity- depended on the size of the immunizing dose 

One of the most stnkmg features of the experimental disease was 
the resistance developed with age by mice Normal mice developed 
with age a relatiy-e resistance to an mtracerebral inoculation or mtra- 
nasal instillation In attemptmg to assess the immunity- produced 
by any experimental procedure the resistance developmg with age had 
to be kept m mmd When two groups of normal nuce of the same 
strain but dmenng m age were moculated intracerebrally- with a rela- 
tively- avirulent virus the cmerence m the resultmg morbidity- and 
mortahty- was often stnkmg This resistance to experimental infec- 
tion was developed rapidly m the y-oimger age groups from birth up 
to 6 or 7 weeks oi age but more slowly thereafter 

Before gomg on to a discussion of the natural disease let us sum- 
marize the nndmgs of the exp>enmental mfecnon From mice found 
spontaneojsly paraly-zed a virus could be demonstrated which was 
transmissible m senes by mtracerebral moculatioa to other rmce In 
all phy-s’cal and chemical properties the virus resembled that of human 
pohomyehtis Mice whicn had survived an infection of the central 
nervous sy-stem whether this was manuested by paraly-SiS or not were 
rendered immune to a suosequent iroculation of the virus By the 
mtranasal or mtrapentoneal moculation of virus a relatiy-e immunity- 
could be produced Fmaliy normal rmce develojxKi witn age a rela- 
tive resistance to the expemnental disease. 

I ery httle mformation is available as to madence of the sponta- 
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be demonstrated Histopatbologicallj*, the chief lesion was m the 
anterior horn ceils of the spmal cord There was an acute necrosis 
of the ganghon cells followed by neuronophagia In the bram there 
were similar changes but to a much less marked extent In both the 
bram and spmal cord penvascular infiltration was present We were 
so unpressed by the marked similarity-, both clinically and pathologi- 
cally, of this disease m imce and human jioliomyehtis that we were 
tempted to name the newly discovered disease mouse pohomydihs 
To avoid a false impression that we had succeeded m transmitting the 
vims of human pohomyehtis to mice we named the disease sponla- 
neous cncephalomyehUs of mice 

Our early work was concerned chiefly with the properties of the 
nrus and with the experimental disease This work was rendered 
extremely difficult on account of the low pathogemcity of the strains 
of inrus available at the time Recently howeier, we have isolated 
two strams of ^•lrus highly pathogemc and with these we have been 
able to work with greater assurance (19) 

The properties of the iirus of moi.se encephalomyehtis so far de- 
termined are exactly hke those of the \-irus of human pohomyehtis 
Both are of the same size, both can be presen ed in glycenn or at 
— 76“C , both retam their actl^^ty very poorly m the frozen and dned 
condition both are resistant to the action of ether, both are inactivated 
readily by means of hydrogen peroxide, etc I need not go into the 
complete hst of similarities between these two agents Suffice it to 
say that m then physical and chemical properties these two agents 
as far as can be determmed, are identical 

In the experimental disease m mice certain fundamental properties 
of the MTUS were discovered Apart from the mtracerebral method of 
moculation, mice could be mfected by the intranasal as well as by the 
mtrapentoneal, route Koweier the latter two methods of inocula- 
tion were successful only under certam conditions which depended 
upon the dose as well as 'imflence of the stram of \mis used Fur- 
thermore, certain immunological facts were determined Thus mice 
which became paralyzed but hved were solidly unmune to a subse- 
ouent mtracerebral moculation Itlany mice moculated mtracere- 
braJlv with our less Mrulent strams although apparently remaining 
well, were rendered immune to a subsequent mtracerebral inoculation 
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large box Breeding was allowed to go on so that we bad a colon}’- 
of mice of all ages Into this colon}' mice found spontaneously para- 
l}'zed were placed at irregular mtervals whene^■Er such mice were 
discovered This experiment -was allowed to go on for se\'eral months, 
but we ne\-er observed a smgle case of the disease de^-elop in our 
normal colony 

You will obser%-e that up to this pomt the few facts which we had 
been able to establish concemmg the epidemiolog}' of the mouse dis- 
ease were much like those kno-wn concemmg human pohom}-nhtis 
Both are diseases chiefly of young mdixnduals in both there is an 
unmumty de\'eloped with age and m both -the acti%’e case does not 
seem to act as a focus m the spread of the disease 

Our study had reached this pomt when an observation made by 
Dr P K Ohtsky (20) furnished us with a lead on which we have done 
a great deal of work He found that m the mtestmal contents of 
apparently normal mice an agent could be recovered which in all 
respects resembled the \'inis of encephalomyehtis of rmce ClmicaUy 
and pathologically the two %'iruses were identical By cross unmumt}' 
tests he was able to show that there was reaprocal immuni ty This 
discover}' seemed to offer the means of workmg out a rational epi- 
denuolog}' of the disease and ive immediately undertook to dete rmin e 
the madence duration and site of this mtestmal infection We were 
soon able to show that aU of our stocks of mice were infected (21) 
This -was done by moculatmg rmce mtracerebrally -with filtrates made 
from feces collected m the boxes containmg our normal rmce In each 
instance several of the moculated mice after an mcubation penod of 
from 12 to 29 da}'3 became paral}'zed From such affected ammak 
the infection could be mamtamed by serial mouse bram-to-bram pas- 
sage In order to obtam a rough idea of the actual madence and 
duration of the mfection mdi^-idual mice were placed m clear jars and 
fed on sterile food and water At the bottom of each jar was a wire 
stage on which the mouse rested In this maimer contammation of 
the mouse s food by its o-wn dejecta was reduced to a minimum Jars 
and wire stages were changed daily Fecal specimens could be col- 
lected from each mouse whenever desued and tested for the presence 
of virus Fifteen rmce all approximately 6 weeks of age picked at 
random from our normal stock animals and apparently m perfect 
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neous disease m mice Since the original discovery of the virus we 
have seen spontaneous cases in stock mice every year The incidence 
of spontaneously paralyzed mice is extremely low Although m our 
laboratory we use many thousands of mice annuall}’’, the number ob- 
served every year is onl}' about four or five So seldom are spon- 
taneously affected animals seen that at one tune we thought the 
disease was purely accidental No endence of any seasonal incidence 
IS available All spontaneous cases observed have been m young ani- 
mals approximately 3 to 7 weeks of age This statement is based on 
the fact that all paralysis so far found has occurred m mice shortly 
after they have been dehvered to us from the dealers, who supply us 
regularly with rmce from 3 to 6 weeks of age At times mice under 
expenmentation with other viruses have developed a spontaneous in- 
fection of the central nervous system with this virus, and this has 
occurred only m young animals On different occasions we have kept 
several thousands of normal mice imder obsen^ation for various periods 
of time and have never observed a single case of spontaneous paralysis 
m an old mouse Recently we have kept 1500 normal mice under 
obsen’ation for 6 months At the beginnmg of the experunent the 
mice were all approximately 6 weeks of age During the 1st week of 
obsen'ation a smgle case of paralysis occurred and none thereafter 
I shall have occasion later to refer to this experunent 
In our early attempts to elucidate the epidemiology of this disease 
we undertook vanous types of contact experiments Groups of nor- 
mal mice v.ere placed m contact with others artificially infected by 
either mtranasal or mtracerebral moculation of xirus In no instance 
did a normal contact mouse develop the disease of the central nen ous 
sy'stem Furthermore, the contact mice when tested at the conclu- 
sion of the experiment were no more resistant to an mtracerebral in- 
oculation of xnrus than the control mice The controls were of the 
same stram and age, had been kept under the same enxnronment, and 
differed only m that they were not exposed to infected mice From 
these experiments it was obnous that mice with an experimental m- 
fection of the central nervous sy'stem did not serve as foa of infection 
It was thought, however, that the conditions of the expenments were 
m certam ways highly artificial Consequently, m order to simulate 
more natural conditions, a group of mice of both sexes was kept in a 
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stomach, ^ripn mtestme ceoim. large mtestme kidney, spleen, h^r 
heart and lungs The onl}' organ in rrhich \-inis vms shorni to be 
present vras the small mtestme Xo e%ndence was obtained of an^' 
vims in the head thus ruhng out as the source of virus m the intestme 
such organs as the sahvarv- glands mucosa of mouth and phasyns 
We ha-\-e performed several experiments along similar hnes each 
time hoping to add a httle to our knowledge of the distribution of the 
^■lrus in normal ammals Apart from the small mtestme the onli- 
organ where the ^■Inls can be demonstrated with an}* degree of regu- 
lanly is the mesentenc bmph node (22) In nine out of twent}*-four 
mice these glands hai'e been positi\-e Erorts at determining the site 
of 1 -inis multiphcation in the mtestines have not gi\en dear-cut re- 
sults As a rule the contents of the small mtestme seem to contam 
more ^•ims thar. the washed intestmal walls The possftnht}- how- 
e\-er improbable that the source of virus shown to be present m the 
small mtestme origmated m somiC manner m the mtestmal contents 
had to be entertamed Although this possibDit}* has not been ex- 
duded the emdence to date pomts to the mtestmal mucosa as the 
site of vims regeneration In experiments designed to determine m 
what portion of the mtestmal wall tne maximum concentration of 
wlms occurred attempts were made to test vanous anatormcal stmc- 
tures seDaratdy Thus the mucosae were separated by scrapmg then 
the l}*mph folhdes were dissected out. The three portions thus ob- 
tamed the mucosa hmiph folhdes and what was left after the re- 
mo\-al of the first two were tested separately for vims content The 
greatest amount oi ^■lms was found m the mucosa. Small amounts 
of vims were found m the rest of the mtestmal wall which might 
have been due to mcomplete remo\-al oi the mucosa Mms was fre- 
quently found m the h'mph folhdes some or all oi which might have 
been due to contammation from the mucosa durmg the process of 
dissectmg out Howemr on one occasion the mtestmal hanph fol- 
hdes were the only Sites m the body where ^■lm5 was found It was 
also shown that more \-ims was present m the upper portion of the 
small mtestme than m the lower The contents o: the large mtestme 
as was to be expected contained ^•lra5 However no evidence was 
found that the walls of this organ contained any \-irus 
Summamong our finumgs of the distribution of \*ims of mouse 
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health, were placed in isolation jars Virus was found to be excreted 
in the feces of ten of these animals To determine the duration of 
this mfection, feces were collected at mtervals and tested for the pres- 
ence of virus The longest tune after isolation that virus was re- 
covered was 53 daji-s This experiment, small as it was, showed that 
approximately two-thirds of normal mice 6 weeks of age picked at 
random were excretmg virus m their feces for a considerable period 
of time The next step was to deterimne the source of this virus 
In our first experiment three normal nuce 6 weeks of age were killed, 
and the various organs uere pooled and tested for the presence of 
virus Brams, spmal cord, liver, lungs, and spleen were entirely free 
from virus In the gastro-mtestmal tract, however, virus was defi- 
nitely shown to be present in all four portions tested, the stomach, 
small mtestme, cecum, and large mtestme The conclusion seemed 
warranted that m this experiment the virus was shown to be present 
throughout the gastro-mtestmal tract However, as these mice had 
not been kept m isolation and fed on sterile food, it seemed possible 
that some or all of the virus shown to be present might have been due 
to the mouse havmg mgested contammated food 
Consequently, m the next experiment we chose a mouse which we 
had kept m isolation and fed on sterile food and water for 21 daj-s 
The mfectivity of stomach, small and large mtestmes was tested 
The results of this experiment confirmed the first one Virus was 
showTi to be present in all portions of the gastro-mtestmal tract tested 
This experiment thus gave conclusive endence that the virus must 
have been derived from the animal and not some outside source No 
conclusion, however, could be drawm as to the source of the virus 
withm the animal Any vuus m the gastro-mtestmal tract might 
qmte reasonably hai e come from some focus above the stomach such 
as the nasal mucosa or salivary glands Consequently, m the next 
experiment we tested this pomt A mouse kept m isolation and known 
to be excretmg xnrus was killed Following removal of the brain the 
bead was severed from the body The head, contaming all the sahvarj^ 
glands, etc , but not the skm, w as ground thoroughly m a mortar, and 
the suspension after centrifugation was filtered The filtrate was used 
to moculate twentj^-five mice mtracerebrally In addition to that of 
the head, the mfectnit> of the following organs was tested brain. 
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mtestinal infectioii vre kept under observntion a colony oi loCX) mice 
These rrere placed in cages oi To each One mouse in nfteen vras 
raarked and used for the coUecton oi fecal specimens throughout the 
experiment All mice trere 6 treeks old at the beginnmg oi the ex- 
periment and txere so-called Stviss xmce Fecal specimens ■mere ob- 
tained from the marked mice mhen they mere 6 meeks old that is at 
the besinninn of the expenment and again ■when the mice 'mere 2; 
4§ and 74 months old To collect the fecal specimens the routine 
■mas adopted oi keeping the mice in mdiindual loTS ■mith ■mme stages 
for 2 dacT During this time they ■mere fed on autoclaved food and 
boiled ■mater. At the end ot this period each mouse ■mas transierred 
to a nem dean iar. acain containing a ■mue platform and the leces 
■mere collected The mouse mas then returned to the coloni' In this 
mav me hoped to exdude the posabiLin' that any virus present in the 
feces could have been due to the eating ci coniammated food immedi- 
ately before the fecal collection Each fecal specmen mas tested tor 
the presence of inrus bv the mtracereDrai mocuianon of a group oi 
tmel\-e mice mith a centnfuged suspension oi the leces Oi the 100 
marked tmce selected for this study 69 mere al.ve at the end oi the 
expenment In the ieces oi all but tmo vunis mas demonstrated at 
one time or anotner 

The exact anal%’sis oi our results is dimcult since on several occa- 
sions a mouse proved iniectixe on nonconsecutive tests This might 
be exolained by assmung that these mice may haxe lost their infec- 
tion and then later became reinfected Although this possibiliti.- can- 
not be exduded me feel that such results can be more reasonably 
explained bv the madequao.' of oiu: techmque for the demonstration 
oi imis in feces Particularly tomards the end of the experiment the 
concentration oi Aims m infected ieces mas so lorn that on an axerage 
only tmo out oi twelve mice inoculated became paral\- 2 ed Conse- 
quently our hsmres lor the number oi mice excretmg virus in their 
feces are m all probabihti.- too lom and tne mice in mhich fecal ex- 
amination proi'ed posltl^•e on nonconsecutii-e runs rep-esent, in all 
likelihood a continuous miection 

Of the 69 mice mhicn hved throughout and on mhich me had four 
fecal examinations 45 (65 per centl mere shomn to be infected on the 
first examination One month later on the second test, an additional 
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encephalomyelitis in normal mice at approximately 6 weeks of age, 
we can say that the infection is probably one of the mucosa of the 
small mtestme From here there is a tendency for the virus to mvade 
the bod^’^ by the lymphatic vessels, by which it is transported to the 
mesenteric lymph nodes This latter findmg affords clear evidence 
that, at least dunng one stage of the infection, the virus is able to 
mvade the animal orgamsm and thus presumably acts as an antigen 
for the production of antibodies I shall return to this subject later 
The distribution of virus m mice found spontaneously paralyzed 
was detenmned on five occasions Virus was found only in the central 
nervous system and mtestmal tract The amounts m the mtestmal 
tract were, on the whole, small and no more than m infected non- 
paralyzed mice In two mstances no vuus could be demonstrated in 
the mtestmal wall, while small amounts were, nevertheless, found in 
the mtestmal contents On account of the extreme ranty of spon- 
taneous paralysis m mice, our observations on the distnbution of virus 
m such ammals are limited However, as far as our studies go, it 
would seem that the distribution is the same as m normal animals 
except that the central nervous system is infected m addition In the 
study of these mice found spontaneously paralyzed we found no evi- 
dence of how the VITUS reached the central nervous system No virus 
could be demonstrated m the nasal mucosa on the two occasions when 
this was tested The charactenstics of the virus strams isolated from 
the gut of normal animals are, as far as can be detenmned, the same 
as those of the strams derived from the central nervous system of mice 
found spontaneously paralyzed It would seem, therefore, that the 
mfection of the central nervous sj^stem is not due to an unusually 
virulent stram of virus Involvement of the central nervous sj^stem 
IS apparently an accident occurring early m the mfection of the small 
mtestme 

We come now to a more detailed consideration of the mcidence 
and duration of the mtestmal mfection Ohtsky had shown that fetal 
mice and newborn imce are not mfected (23) Suckhng mice vere 
likewise found to be free from wus At 20 days of age the demonstra- 
tion of virus was irregular In all tests on mice 1 to 2 months of age 
the agent could be demonstrated 

In our experiment to determme the mcidence and duration of the 



STTTDIES OX POLIOIIVEIIXIS 


455 


througli the placenta to the embr3-o Young mice are consequent!}* 
bom -with a passive immunit}* This passive immunit}* irears off 
during the suckling penod and is folloved bi* an acti\*e immunity- as 
a result of the intestinal infection acquired shortly after Treaning 
These m the mam, are our nndmgs to date Se\-eral important 
pomts have s till to be determined We assume that infection is ac- 
quired bv mouth This has not been proved denniteh* but seems to 
us a reasonable assumption Likewise ve do not know why with 
the infection bemg so umversal only a veiy small mmorit}* of mice 
develop an infection of the central nervous system Xor do we know 
by what route the virus miudes the central nervous 5\-stem from the 
intestme There are sei'cral possibihties The first way is ma the 
h*mphatic pathwa}-5 to the mesenteric I\-mph nodes then to the blood 
and finally to the central nervous ^'stem This does not appear 
likely The second and to us more probable way is \-ia ner%'0U5 
pathwaj-s to the central ner\-ous sj'stem 

In bnef it seems that m a colon}* of white mice the infection with 
the -^-irus of mouse encephalomyehtis is \*er}* widespread Few, if 
any imce escape As far as can be deterramed mice do not suffer 
any harm from the mtestmal mfecpon The duration of the mtensit}* 
of the infection seems to be determmed by the genetic make-up of 
the mice The albmo mouse cannot be considered as a true represent- 
ative of the wild house mouse from which it iS den\-ed It is probable 
that the contmued mbreedmg of the albmo mouse has produced an 
mdiwdual which genePcall}* differs m many respects from the wild 
stock That this is so is shown by the fact that the silent mtestmal 
mfection with the ^■l^^s of mouse encephalomyehtis is rare m the wild 
mouse We have esammed numerous wild rmce for the presence of 
this inrus without success Howe\-er, Dr Ohtsk}- has recently been 
able to isolate a stram of the \*irus from the mtestmes of wild mice 
caught m the Rockefeller Institute 
We ha^*e been so impressed with the dose smiilant}- between our 
mouse disease and human pohomyehtis that we have spent consider- 
able time and effort to determme whether there was any immuno- 
logical relation between the two ^•lru5es When we first discovered 
our \-irus the only animal at the time known to be susceptible to the 
inrus of human pohomiehtis was the monkei We have at one time 



454 


ItAX THEILER 


16 (23 per cent) were found infected At the tune of the second test 
the mice were 2| months old, and a total of 61 of the 69 mice (88 per 
cent) was shown to be mfected Four mice were shown to be mfected 
for the first tune on the third test, at an age of 4j months, and two 
mice only on the final test at 7§ months In two nuce virus was 
never demonstrated 

Since it IS known that mice at the time of weaning, at 2 weeks of 
age, are free from wus, the maximum infection rate occurs m the 
month immediately foUowmg weaning The highest incidence in out 
experience is at the age of 6 weeks when 65 per cent were excreting 
virus m their feces From this pomt the mcidence falls very gradually 
imtil at the age of 7| months the madence is 54 per cent You will 
see that m our colony of mice the mcidence of mdividuals excretmg 
virus durmg an observation period of 6 months is never less than 50 
per cent Under these circumstances it is mdeed a remarkable fact 
that cases of mvolvement of the central nervous system are so in- 
frequent In our experiment m which we observed a colony of 1500 
mice for 6 months, only one mouse showed signs of mvolvement of 
the central nervous S3"stem This occurred at the begmnmg of the 
experunent when the mice were only 6 weeks of age 
With the mfection so universal, it seemed of interest to determine 
whether normal mice develop with age specific antibodies We were 
immediately confronted wnth a difficulty, for m order to determine 
whether or not a given mouse serum contained specific neutralizing 
antibodies, we had to inoculate mixtures of serum and \nrus mto mice, 
aU of w^hich were probabh' already mfected To overcome this diffi- 
culty, W'e used mice 3 weeks of age, an age when the incidence of m- 
testmal mfection was still low In this manner we obtained ewdence 
that m the serum of mice before weanmg there were demonstrable 
antibodies With the exception of the serum from mice 3 weeks of 
age, all the older age groups showed specific antibodies The interpre- 
tation we placed on these findings is briefly as follows Smce near]}' 
all adult mice have been shown to have an mtestmal infection and 
smce we have shown that the \nrus can mvade the animal organisms, 
it is reasonable to assume that as a result speafic antibodies are pro- 
duced Now the mouse belongs to the group of animals, which also 
contams man and monkej's, m which antibodies pass from the mother 
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than 80 senal passages At mter\'als this mouse passage virus was 
tested for its pathogematy for cotton rats and rhesus monkeys The 
ongmal virus was highly pathogemc for both species m mtracerebral 
moculation It was noted that the virus propagated m mouse brams 
rapidlj’^ lost its pathogemcit}* for the monkey ITrus from the first 
and third mouse bram passages produced paral3'sis m all of four mon- 
ke3's Onl3- one out of two monke3's moculated with the fifth, eight- 
eenth, and twent3^-first passages developed pohom3'ehtis None of 
eight monke3's moculated mtracerebrall3^ with material from the fift3'- 
first to the fift3^-fourth mouse bram passages developed an3’^ signs of 
pohom3-ehtis Prolonged passage of the Lansmg stram of pohomye- 
htis had consequentl3' completely attenuated the \-irus for the rhesus 
monkey A similar attenuation was noted m the pathogemat3' of 
this ^nrus for cotton rats All of twent3' cotton rats moculated with 
material from the first to the twent3'-first serial bram passages died 
Only nme of twent3^-one cotton rats moculated with the fift3'-first to 
the fift3"-fourth passages died, whereas, only one of thirt3- cotton rats 
moculated with the sevent3'-first mouse bram passage showed 303' 
signs of infection Prolonged passage m mice of the Lansmg stram 
produced a strain of iirus which was pathogemc for mice, onl3’' slightly 
pathogenic for cotton rats, and nonpathogemc for monke3's In all 
these respects this attenuated human pobom3’ehtis \nrus now re- 
sembled a strain of mouse encephalom3ehtis (25) 

FoUowmg the announcement b3' Armstrong of the susceptibilit3- of 
the cotton rat to the Lansmg stram of human pohom3-elitis, ue im- 
mediateh' tested the susceptibilit3' of this anunal to several of our 
strams of mouse encephalom3 ehtis We found that our more \arulent 
strams n ere moderatel3- pathogemc, producmg a disease at tunes m- 
distmgmshable from that produced b3' the Lansmg stram This m- 
fection could be mamtamed m senes m cotton rats b3' bram-to-bram 
passage A considerable number of cotton rats which sunaved the 
mtracerebral moculation of the \irus of mouse encephalomi-elitis 
pro\ ed to be resistant to a subsequent inoculation of the Lansmg stram 
of human pohom3 ehtis In a similar manner we uere able to shou 
that nuce which had become paral3-zed but hi ed foUowmg an infection 
from the imis of mouse encephalom3'ehti5 vere made relativeh- re- 
sistant to the Lansmg stram We do not behei e that this cross im- 
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or another inoculated many rhesus monkeys -mth various strams of 
the \nrus of mouse encephalom}relitis They neither showed any sus- 
ceptibihty to the mouse ^irus nor did they develop any immunity to 
a subsequent moculation of human pohomyehtis 

Recently Armstrong (24) succeeded in obt ainin g a stram of human 
pohomyehtis which is pathogenic not only for monkeys but also for 
cotton rats and rmce Dr Armstrong kmdi}’’ sent us the Lansmg 
stram of pohomyehtis, and we were able to confirm this worker’s find- 
mgs The matenal received b}^ us, the thirty-fourth senal passage of 
this stram m cotton rats, was pathogemc for monkeys as well as mice 
In monkeys the clmical picture was consistent with that produced by 
other strams of human pohom 3 'ehtis Monkej^s which became para- 
lyzed with the Lansmg stram of virus were resistant to a subsequent 
inoculation of a known human stram of pohomyehtis Furthermore, 
the Lansmg virus was neutralized both m mice and m monkej's by 
poliomj’^elitis immune sera The converse was also true, namely, the 
serum from a monkej* convalescent from an infection with the Lansmg 
stram had the power of neutrahzmg another stram of human poho- 
mj'ehtis virus (25) These are the methods available for identifymg 
a stram of \'Lrus as that of human pohomyehtis Smce the Lansmg 
stram fulfills these requirements, we must conclude that this stram 
IS either one of human pohomj'^ehtis or at least very closel}* aUied to it 

Indimdual mice infected with the Lansmg stram are dmically al- 
most mdistmgmshable from mice infected with the lorus of mouse 
encephalom}^ehtis However, the course of the disease m the two is 
entuely different The mouse lorus is distmguished b}' a remarkably 
uniform course of infection So uniform is the mcubation penod for a 
gi\ en stram that this has been utihzed as a measure of the concentra- 
tion of the VITUS m a given preparation (26) This does not hold true 
for the Lansmg stram However, m spite of this irregular action of 
the \nrus m rmce, these animals have proved mvaluable m perfonnmg 
neutrahzation tests (27) 

Smce the beginnmg of our work with the Lansmg stram we have 
imdertaken a rapid senal passage of this nrus m mice As soon as a 
mouse was noted to be paraMic, usually m the 2nd or 3rd da} after 
moculation, its cord was removed and used to moculate the next group 
of rmce m the senes To date we have earned the \'irus through more 
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central ner\ ous sj’stem has no advantage This must be looked upon 
as an abnormal habitat and purel3' acadental m nature 

We vrere motivated m spending a great deal of time in attemptmg 
to elucidate the epidemiology' of the spontaneous encephalomyehtis of 
mice chiefly* because vre were able to use as experimental animals the 
normal hosts of the xmis It was unfortunate that many- ideas about 
the epidemiology' of human pohomyehtis were formed from obsen-a- 
tions on an abnormal host the monkey* The tendency* recently* for 
the students of the human disease has, I am glad to say returned to 
the study* of the disease m man and the recent very* important findings 
are beg innin g to fit mto a general plan which appears to be much hke 
that which we have been able to estabhsh for the disease m mice 

Let us enumerate bnefly* what one should expect if the epidemiology 
of human pohomyehtis follows the basic pattern of the mouse disease 
Firstly* one would expect that for every* cbm cal case there should be 
many mdiinduals who never show any signs but, nevertheless become 
immunized Secondly the occurrence of the disease should follow 
more the pattern of those diseases such as typhoid or dysentery* which 
are acquired through the gastro-intestmal tract and not that of dis- 
ease transmitted by* droplet infection Thirdly*, the distnbution of 
the \-irus m man dy-mg of the disease should be essentially* that which 
we have described for the mouse, and, finally one ought to be able 
to demonstrate the presence of imis m the stools of perfectly normal 
mdiinduals 

Xow all recent findmgs tend to substantiate this hypothesis It 
has been known for a long time that pohomyehtis is a disease of child- 
hood and that adults are resistant Furthermore, specific antibodies 
can be shown to be present m the blood of normal mdiwduals who 
have never had pohomy*ehti5 The exact madence of these antibodies 
m the different age groups is unknown An inexpensive expenmental 
animal susceptible to the i-irus of human poliomy*ehtis onlv recentlv 
became available when Armstrong disco%-ered that rmce are susceptible 
to the Lansing stram of poliomy ehtis By means of a neutralization 
test similar to the one used by* Armstrong we have recenth remvesti- 
gated this subject Our tests have sen ed to confirm prenous findmgs 
Thus m a senes of tests done with the sera of mfants we could show 
that all children m the first few months of lue bom of mothers with 
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munity is specific for the reason that, in mice at least, the resistance 
developed seems to depend on the actual presence of paralysis Mice 
which were immunized agamst the virus of mouse encephalomyehtis 
by the mtrapentoneal mjection, although rendered immune to the 
homologous iTTUs, were not appreciably more resistant to the Lansmg 
stram than normal mice Furthermore, we have never been able to 
show any serological relation between the two The serum from a 
monke}’’ or cotton rat immune to the Lansmg stram of poliomyelitis 
has no neutrahzmg action on the virus of mouse encephalomyehtis 
and, converse^, mouse sera contammg antibodies for the mouse inrus 
have no action on the Lansmg strain of pohomyehtis (25) 

Let us summarize our knowledge of the pathogematy of these va- 
nous pohomj'ehtis-hke wuses Firstly, the great majority of strams 
of inruses isolated from man are pathogemc for monkeys, but 
not for cotton rats or mice Only one stram, the Lansing strain, of 
human pohomyehtis has been definitely shown to be pathogenic for 
all three species of animals, namely, monkeys, cotton rats, and mice 
This latter stram by senal passages m mice has been modified so that 
it IS pathogemc for mice but only shghtly, if at all, for cotton rats and 
monkeys This stram is stdl unmunologically human pohomyehtis 
And finally, we have the strams of iiruses isolated from normal nuce 
pathogemc for these animals, only shghtly for cotton rats, but not at 
all for monkej's YiTiat is the significance of these findings^ With 
our present lack of knowledge it is impossible to say However, to 
hazard a guess, it is possible that there is a whole group of inruses 
which are able to produce a pohomyehtic type of disease m lanous 
species of animals At present we know of only two, human poho- 
mj ehtis and mouse encephalomyehtis The Lansmg stram might be 
considered as bndgmg the gap between the two We may be dealing 
with a group of viruses like the pox group, which all bear some re- 
semblance to each other, and at times even show some immunological 
relation as exemplified the fact that cowpox wiU effectnel> im- 
munize agamst smallpox 

Human pohomyehtis presumably has m common with mouse en- 
cephalomj ehtis the charactenstic of bemg almost a perfect parasite, 
that is m the last majonty of infections the host is not harmed in 
any way From the pomt of new of the nrus, the mi asion of the 
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It is almost amomatic that m titus diseases the presence of spednc 
antibodies is proof of a previous infection vrith that vims (33). We 
are confronted therefore vnth the imsolved mv-sterv* of the site of 
this infection Hovr prevalent this must be is emphasized b}' the fact 
that these antibodies ha-'^e been shovm to be present in the blood of 
the great niajont\' of adults m all parts of the vrorld Evidence that 
the site of infection m "lan is in ail probabiLtt* in some part of the 
ahmentarj tract has been accumulating durmg recent years (34). 
Thtis the vrrus has been .solated from the stools of individuals appar- 
ently in perfect health vrho had been m ‘ contact vnth cases of poLo- 
myehtis (35) Also vmis vras demonstrated in the stool of a ^1 123 
dat-s after she had an abortive attack of the disease (36) In patents 
vrith pohom^'ehtis (37) numerous observations are available that it is 
relati-vel}- eas\- to isolate the virus from the stools Coupled vnth 
this 15 the nnding that pohomyelitis has been demonstrated in sevr- 
age (38) 

In stud.e5 on the distribution of the virus of pohomyehtis in fatal 
human infections the notevorthy undinp to date are the presence of 
\nrus in some part of the ahmentaiv* tract, m tne mesentenc hnnph 
nodes (39) and in certain portions or the central nervous 5\-stem 
Of equal signiccance is the absence of vnrus in the nasai mucosa and 
olfactory- bulbs ^40) Pathological study of the oh'actorv* bulbs in 
fatal cases of poLomyehts has not revealed any changes (40) good 
emcence that this is not the portal o: entry of the virus I could 
enumerate more evidence m support of the theory- I ha've outlined 
evidence obtamed from h-uinan cases of pohomyehtis from eoidemio- 
logicai srjd.es and from observat-ons m enpeiimental putinpU (41) 
but I thmk I ha-v-e presented enough observations to shov- that mv- 
h\-pothesis is a reasonable one 
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neutralizing antibodies m their blood hkemse show these antibodies 
(25) In the blood of children from 6 months to 1 year these neutral- 
izing antibodies are, as a rule, not present The presence of anti- 
bodies in the very young children must be considered as due to pas- 
sive immunity' from the mothers This passes off with time so that 
children older than 6 months do not, as a rule, show these antibodies, 
but at about 1 3 'ear of age antibodies agam appear and the madence 
mcreases with age 

Although these observations only confirm previous findmgs (28), 
I am emphasizmg this agiect of our subject for the reason that there 
has been a tendency* to minimize the significance of neutrahzmg anti- 
bodies m the blood of normal indinduals This is due chiefli' to two 
reasons Firstl}*, it was shown evpenmentall}^ that monkej*s, although 
ha’vmg antibodies m their blood, are not alwaj's immune to an mtra- 
nasal or mtracerebral moculation of \nrus (29), and, secondli’-, because 
It has been found that m some children with a manifest mfection of 
the central nervous system antibodies could, nevertheless, be demon- 
strated m the blood (30) From these two observ^ations it was con- 
cluded that neutrahzmg antibodies do not prevent an infection 

Now it seems to me that neither of these observations presents anj' 
vahd cnticism of the hj*pothesis that the presence of antibodies does 
not play an important role m the defense mechamsm The expen- 
ments m monkej's are highl}' artifiaal m character Keither intra- 
cerebral nor mtranasal moculation of xirus represents the normal 
portal of entr}^ of the vuus The findmg of antibodies m the blood 
of some children with poliomj'ehtis is in fact, what one would expect 
if the infection were onlj- secondanlj^ one of the neiwous tissue Thus, 
it is a well established fact that m infections with so-called neurotropic 
xiruses, which mvade the nervous sj'stem only after a systemic m- 
fecbon, antibodies are often present m the blood at the tune of nerv’- 
ous system mvolvement (31) tMiat seems to be important here is 
the titer of antibodies present m those children de% elopmg pohomj e- 
htis It maj' be that we have a set of circumstances here such as has 
been demonstrated for influenza A m which the titer of the antibodies 
is the significant feature (32) It seems to me the most reasonable 
mterpretation of the presence of antibodies is that this is due to an 
infection with the \nrus of pohomyelitis and that tbe 3 ’ furnish an mdex 
of immumt 3 ' 
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“Infectious pohnieuntis ’ is a disease entity which is not well known 
although its occurrence is not uncommon There are several reasons 
why physicians are unfamihar with the condition the chief bemg the 
sterihty of all mvestigation aimed at its etiological eluadation Other 
factors are the collapse of an epoman (Landry s Ascendmg Parah-5is=), 
the multipliaU of SY-nomans by which this tY-pe of neuntis is knoYvai, 
and the Y^anance in the pathologj’ of the disease from case to case 
as It has been desenbed m the hterature 

SYaiomans m medicme seem to appear m lUY'erse proportion to the 
information at hand on a giY’en subiect Neurological tenmnologj* 
abounds Yvith them to the despair of the student A few of the 
SYaiomans for “infectious pohaieuritis * are listed m a footnote so that 
there wall be no question about the condition Yvith which this article 
is concerned 

This presentation wall deal Yvitli a description of the clmical features 
of the disease and a rather comprehensiY-e study of the pathologY of 
three cases It Yvall be demonstrated that significant changes maj’’ 
be found m the penpheral and central nen ous sj-stems, contrarj^ to the 

* Y\ ork aided b^ a grant from the Rockefeller Foundation 

- Broivn (193S) anal\-zed Landia ’s original case and came to the conclusion that the 
etiological factor was a nutnUonal deSaencj The neuntis was preapitated b\ dietan 
insulnaenta bordering on stanaUon in an indindual with a seiere infection Brown 
pomted out that Landre’s case endentli was nothing other than beriben polmeuntis 

’ Acute febrile polnieunlis, acute mfecUie polmeuntis, mfectiie neuronitis, pol\- 
neuro-aUs, motoneuronitis, acute pohmeuntis with faaal diplegia, acute ascending paral- 
'■sis Landn s ascendmg paral\-sis, Guillam-Barr€ si-ndrome 
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the multiphcit}- of sj-nonjins by which this t}-pe of neuritis is known, 
and the vanance in the pathology' of the disease from case to case, 
as it has been described m the hterature 

S3TiomTns m medicme seem to appear m mverse proportion to the 
information at hand on a given subject Neurological termmolog}- 
abounds with them to the despair of the student A few of the 
sjmonjms for “mfectious pohmeuritis ^ are listed m a footnote so that 
there will be no question about the condition with which this article 
IS concerned 

This presentation will deal with a descnption of the clmical features 
of the disease and a rather comprehensive stud}- of the pathologi- of 
three cases It will be demonstrated that significant changes may 
be found m the peripheral and central nervous systems, contrary to the 
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- Brown (195S) anal\-zed Landrt ’s ongmal case and came to the conclusion that the 
etiological factor was a nutntional de&aenci The neuritis was precipitated bj dietarj 
insulnaeno. bordering on starvation m an mdividual with a severe infection Brown 
Domted out that Landn ’s case evndentlj was nothing other than beriberi poljneuntis 
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focusing attention on the possibihty of the involvement of the seventh 
nerve m this disease Guillam, Barre and Strohl (1916) were the first 
to note the high protem and low cellular content of the cerebrospmal 
flmd (“albununo-cj'tologic dissociation”) m this disease They also 
stated that the prognosis of the disease was favorable In fact, 
Ginllam (1936) separated his cases from those ha^■mg a fatal result 
preferrmg to beheve that the}* were aflficted with a distmct morbid 
process Since 1916 the sjTidrome has been known m France under 
the modest and comparatively innocuous term of the “GuiUam-Barre 
Sj-ndrome Under the headmg of “acute febrile pnljmeuntis,” 
Gordon Hohnes (1917) discussed the chmcal course of twelve patients 
and presented a pathological stud 3 ’ in two of them A most compre- 
hensive and lUummatmg work on the subject is the monograph b\' 
Bradford Bashford and Wilson (1918) Bradford clearty described 
the chmcal phenomena m thirt\~ cases ^Most of these cases had 
mvolvement of the faaal ner\'e He noted that the disease was un- 
accompamed by cerebral and mental s^miptoms even m termmus 
He reported that the cerebrospmal fluid was normal m all instances 
This group had a mortahtx* rate of 26 6 per cent In the same paper 
Bashford discussed the morbid anatomj- of the disease m man and 
monkey and the experimental production of the disease m the monkey 
He thought that he was able to transmit the disease to monkev-s, and 
from monkev to monke 3 ' b 3 ' subdural moculation of gh’cerine emul- 
sions of the afiected spmal cord The patholog 3 ' m the monke 3 - was 
siiniiar to that m man Wilson thought that he was able to culture 
the organism from the spmal cords of the cases described b 3 ' Bradford 
and Bashford and with it produce the disease m moiike3'S He 
thought that the organism that he recovered was a inrus The 
etiological factor of Bradford. Bashford. and W'Oson was never con- 
firmed ann .Arkwright fl919j cisnroved their work and showed that 
the gloDofd bocLes which the 3 ' demonstrated were contaminants In 
a note appended to .Arkwright s paper the 3 - retracted their previous 
claims 

Foster Kenned}' (1919) re-introduced the term 'neuronitis in a 
descriprion of fo'ur cases Casaroaior fl919j suggested the name of 
acute infective meningomi'eloneuntis and he noted that the cereoro- 
splnal n'_d —as normal in Ins cases 
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opinion of some that there are no changes of note m the latter Cer- 
tam pathological changes m the viscera are of mterest and importance 
The search for an infecting agent will be bnefly noted, and thoughts 
on the nature of the disease will be presented 

During and immediately foUowmg the War of 1914-1918, cases of 
poijmeuntis, occurrmg endemicaUy, were descnbed under various 
titles by many authors mcludmg Holmes (1917), Bradford, Bashford 
and Wilson (1918), Casamajor (1919), and Kennedy (1919) Sporadic 
reports have smce appeared m the hterature and with them further 
confusion has arisen as to the umty of the clmical and pathological 
pictures presented 

As a basis for the present chmcal description, sixteen cases (Table 1) 
have been selected from those studied at the Cmcmnati General Hos- 
pital withm the last five years In this group of cases, as m those m 
the hterature, the diagnostic cognomen was as varied as the number 
of patients The appelations apphed have mcluded all the synonyms 
hsted above and m addition such terms as acute infectious febrile 
polyneuntis, encephahtis, post-measles or chickenpox encephalo- 
myehtis, ascendmg myehtis, and sunply polyneuritis There is no 
doubt that had a comprehensive search of the hospital files been made 
many cases could have been found, each under a different heading In 
the hght of the multiphcity of terms one would not know that there 
has been an mcreased recognition of the disease m latter years Brown 
(1938) pomted out that “infectious polyneuntis” is second m fre- 
quenc}*’ only to alcoholic polyneuntis m North America 

BRIEF EErOEW OF THE CtINICAX tlTEEATDRE 

For a comprehensive review of the hterature covermg the subject, 
one may consult the papers of GuiUam (1936), Gilpm, Moersch and 
Kernohan (1936), Hecht (1937), and the review of the entue subject 
of neuritis by Colher (1932) Osier (1892) lucidly descnbed the dis- 
ease under the name of acute febrile polyneuntis, and noted the 
difficulty of its differentiation from Landry’s paralysis Mills (189S) 
m a paper entitled “The reclassification of some organic nervous dis- 
eases on the basis of the neurone” first mtroduced the term neuromtis, 
a name which has recurred frequently m the hterature Patnck 
(1916) reported two cases of facial diplegia m multiple neuritis, thereby 
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focusing attention on the possibihty of the involvement of the seventh 
nerv^e m this disease Guillam, Bane and Strohl (1916) were the first 
to note the high protem and low cellular content of the cerebrospmal 
flmd (“albummo-cj'tologic dissociation ) m this disease The}' also 
stated that the prognosis of the disease was favorable In fact, 
GvuUam (1936) separated his cases from those havmg a fatal result 
preferrmg to beheve that they were afihcted with a distmct morbid 
process Smce 1916 the s 3 Tidrome has been known m France under 
the modest and comparatively innocuous term of the “GuiUam-Barre 
Sy-ndrome ” Under the headmg of “acute febrile pol}'neuntis,” 
Gordon Holmes (1917) discussed the clinical course of twelve patients 
and presented a pathological study m two of them A most compre- 
hensive and filummatmg work on the subject is the monograph by 
Bradford, Bashford and Wilson (1918) Bradford clearly described 
the rbniral phenomena m thirt}’’ cases hlost of these cases had 
mvolvement of the facial ner\'e He noted that the disease was un- 
accompamed by cerebral and mental S3'mptoms even m termmus 
He reported that the cerebrospmal flmd was normal m aU mstances 
This group had a mortaht}-^ rate of 26 6 per cent In the same paper 
Bashford discussed the morbid anatom}’- of the disease m man and 
monkey and the experimental production of the disease m the rnonke}’- 
He thought that he was able to transmit the disease to monke 3 ’-s, and 
from monke}- to rnonke}’’ by subdural moculation of gl} cerme emul- 
sions of the affected spmal cord The patholog}’- m the monkey was 
similar to that m man Wilson thought that he was able to culture 
the organism from the spmal cords of the cases descnbed by Bradford 
and Bashford, and vnth it produce the disease m monkeys He 
thought that the organism that he recovered was a %mis The 
etiological factor of Bradford Bashford, and Wilson was ne\er con- 
firmed and Arkivright (1919) disproved their work and showed that 
the globoid bodies which they demonstrated were contammants In 
a note appended to Arkwright’s paper, the} retracted then preiuous 
claims 

Foster Kennedy (1919) re-mtroduced the term “neuromtis” m a 
description of four cases Casamajor (1919) suggested the name of 
acute infecti\ e memngom} eloneuntis, and he noted that the cerebro- 
spinal fluid was normal m his cases 
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Viets (1927) under a heading of "Acute polyneuritis with facial 
diplegia” recorded two cases and described the morbid anatomy m 
one He noted the "albummo-cytologic dissociation” m the cerebro- 
spmal flmd Collens and Rabmowitz (1928) reported a case of poly- 
neuritis with facial diplegia which occurred three weeks after the onset 
of mumps, and m which the cerebrospmal fluid had a high protem 
content without ceils These writers found four similar cases m the 
hterature Urquhart (1934) reported a case of “infectious poly- 
neuritis” which followed the onset of measles by one week These 
latter reports, coupled with the close association of the disease to upper 
respiratory and grippal infections seemed to give credence to the idea 
held by many that “infectious poljmeuritis” was a vims disease 
Cobb and Coggeshall (1934) m their review of neuritis pomted out 
that the cerebrospmal fluid may be normal or may contain mcreased 
protem with a few cells Merritt and Fremont-Smith (1938) have 
analyzed the cerebrospmal fluid of thirty patients sufienng from 
“infectious polyneuntis ” The cell count was normal m 80 per cent 
of their cases In one case there were 175 white blood cells per cubic 
millimeter m the cerebrospmal flmd, and m the remamder there were 
less than 30 cells per cubic milhmeter In eight of their thuty patients 
the protem content of the cerebrospmal fluid was normal 

Hecht (1937) clearly described the disease as it occurs m children 

CXrNICAL DESCRIPTION 

The seasonal mcidence of “infectious polyneuritis” seems to be of 
minor importance but it is worth notmg that most cases tend to 
appear m the wmter and autumn (tiurteen of sixteen cases m our 
senes) The distnbution between the sexes is about equal, and 
there is a tendency towards equal distnbution m the % anous decades 
of hfe 

The mode of onset of this disease seems rather constant There is, 
as a rifle, a histor}'- of some previous recent infection, usually a cold or 
gnppe This was true m twelve of our sixteen patients In one 
patient the disease mamfested itself 11 days after the onset of measles 
and two others 15 and 20 days respectively foUowmg the onset of 
vancella A fourth patient demonstrated the poIjTieuntic symp- 
toms durmg convalescence from pneumoma Accompanj-mg the 
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mild upper respirator}- prodromata the patient usually noted ^'ague 
generalized aches and pain m the cal^■es of the legs and in the bach 
The imtial sj-mptoms usuall}* are not se\-ere enough to cause the 
patient to go to bed The recoi-eiy- from the imection frequentl}- is 
complete and there may be a latent period of dai-s to months usualli- 
one to three weeks, before the neuritis becomes mamfest Headache 
has occurred with sufiaent frequency (m our senes of ten of sHteen 
cases) to be of some significance m the consideration of the prodromata 

In our esqierience the most common mitial S}-mptom is referable to 
the sensor}- s}-stem Pain m the back, and in the calves of the legs is 
frequent and is usually described by the patient as rheumatism or 
lumbago The imtial complamt of paresthesiae usually numbness m 
hands and feet, is not infrequent Pam is at tunes so severe that it 
may reqmre heai-}- sedation and mask for a while the progressii-e 
motor disabiht}- An umque imtial s}'mptom ehcited from one patient 
(a ph}-sician) was a sensation of tmghng of the up of the tongue and 
tenderness of both masseter muscles .Vithough the subsequent 
weakness is of the prosamal H-pe the sensor}- disturbance is usuaUy 
hmited to the distal portions of the extremities By the tune the 
patient reaches the ph}-sician, objecti\-e sensor}- signs usually can be 
ehated In eleven of our patients the appreaation of Mbration was 
impaired, and m three of the remaimng five a note of this examination 
was not made Pam and hght touch may be dummshed The 
sensor}- disturbances dimmish m sevent}- m a proxunad manner 
At no time do the sensor}- phenomena appear to be as profound as the 
motor weakness ’ ^Muscle and nerv e tenderness is present m patients 

* In a recent patient (case 14) thesenson phenoaiera-nere most stnlani: and comnleteli 
oieishadoned the moto- disturbances, which were oi tmical distribution and mduned 
taoal diplegia. For fi\ e dav s alter onset ot the disease, the patient demonstiatca a e1o\ e 
and stodang tvpe oi impairment to pain temperature, hght touch, posiuon, and nbnition 
stimuli. Two da\-s later he was unable to smell ground coffee or atinl m either rostnl 
There was complete anesthesia to pmpnck of tlie entire tongue and ci-cumoral region, and 
taste was not appreaated in the antcnor two-thirds of the tongue Within fi\ c da\ s after 
admission the senson signs began to dear in the extremities md tongue, and ‘asie and 
smell was agam appreaated shghtli On die mnth dai after anmission there occurred 
se% ere paresthesiae and loss of pam sense on one side of the face ara pi amix plus tinnitus 
and deafness m the ear of the same side The comeal rcle.!: on tins side was depressed 
Three weeks after admission and four weeks following on^ct of the di-case all of t>-e season 
phenomena had disanpcared except a small, patcha area of aresthesia on the outer aspect 
of one thigh ^ 
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With “infectious polyneuritis” practically without exception Hyper- 
esthesia IS sometimes so severe that the pressure of the bed clothes 
may be obnoxious 

The period between the onset of sensory disturbances and of motor 
disabihty may vary from a few hours to several days, or even a week 
or more In this mterim the patient may attempt to fight off the 
disease or he may go to bed The onset of motor signs may be catas- 
trophic Thus a dentist, who for several days previously had noted 
mild but progressive weakness and clumsmess of his hands m the 
performance of surgical procedures, suddenly collapsed while crossmg a 
street and was unable to rise This type of onset is unusual, but the 
progress of the disease once it has begun is quite rapid The motor 
signs can be briefl}' summarixed by statmg that they tend to be sym- 
metrical and bilateral, are progressive, and almost mvanably are more 
severe m the proximal than m the distal musculature The affected 
limbs are flaccid The usual history is that the quadruplegia devel- 
oped over a period of several days, although infrequently weeks may 
be required, and periods of remission may occur rarely Weakness 
occurs most commonly in the lower extremities and gradually spreads 
to mvolve the musculature of the upper hmbs and of the trunk The 
paresis progresses as one observes the patient An mdividual when 
first seen may complam only of weakness and difficulty m walkmg 
Exammation may reveal moderate weakness of the lower extremities 
with shght motor impairment m the upper extremities Then the 
patient may rapidl}’^ run the entire gamut of signs and symptoms of the 
morbid process He successively finds himself unable to lift the lower 
extremities from the bed, has difficulty m rismg to the sittmg posture, 
followmg which progressive impairment m the use of the upper hmbs 
may be noted The picture presented at its worst is that of a helpless 
mdividual unable to turn over m bed, elevate his head, feed himself, or 
carry out other bodily needs The only voluntary motion retained 
may be shght “wrigglmg” movements of the toes and fingers In 
other cases the paresis may be mild, and when it is seen m mdividuals 
who are well nourished and appear to be healthy, the disease may be 
thought to be of neurasthemc origm One of our patients, a robust, 
plethonc, obese 46 year old female walked into the Receivmg Ward 
complaimng of bummg and crawhng sensation m the hands and feet 
and weakness of aU extremities The impression of the physician who 
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p-TP— li-i pd her vras that she vras surering iron psychonearosis and 
questioning revealed a history vrhich vras deemed to be compatible 
vrith that diagnosis 'Within 24 hours this patient developed naccid 
qpadruplegia vrhich vras almost complete, and vrhich vras accompamed 
by facial dmlegia aphonia and respiratory distress On the second 
day she died in a respimtor. A muscularlv- vreh developed man tvas 
observed over a j^od of tvro years in various departments of the 
hospital and a diagnosis of psychopathic jiersonahty made He vras 
termed a malingerer vrho did not tvish to tvork, and vrho vras obsessed 
vrith the idea of his muscular tveahnes Hotvever. after two years 
of intermittent observation a careful neurological examination and an 
analy^ of the cerebrospmal duid revealed the true nature of his 
condition During this tvro irear jKriod the patient had made several 
attempts at suicide, due in a great measure to the unsjunpathetic 
attitude of his physicians. 

The involvement of the trunk and abdominal musculature increases 
the seriousness o: the outlook Intercostal disahihtv" causes the pa- 
tient to rely solely upon the diaphragm for respiration and if the 
disease extends to involve the latter the prognosis is mdeed poor It 
has been the experience of many that if it is found to resort to amrcial 
respiration (usually oy use of the Drinker aopamtus'^ deatn is immi- 
nent. Of the ni-e cases of our group necessitatmg the use of a respira- 
tor two rumved One was a child and it is generally agreed that 
the prognosis m children is almost invanabh* good The other patient 
was a v-oung audit, aged 22 who was placed in the respirator prophv*- 
lactically so to speas. wniie he stiU had fair respiratory excursioiis 

Weakness is fomc m whole segments of a Irmb rather than muscle 
groups and one hmb may be invmlved more than its fellow of the 
opposite sice Wasting otner than that due to disuse is not a promi- 
nent feature Fibriilatioiis were seen m the arms calves and thighs 
of one of our patients This man had moderate contracture of the 
gastrocnemius musrle two years after onset of the ihness which 
resulted in mmimal uisaoiiitv' in walkmg 

.411 tencon ref exes are cnminisned or unobtainable Tee abdominal 
refexes are mirequently auected The plantar respoases am either 
not ehdtec or are fexor in tvyie Xo other abnormal refexes are 
noteu 

The faeal nerves usually are invo!\-ed The faaal paresis mav be 
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bilateral or unilateral, and may precede or succeed the weakness of the ' 
extremities and trunk It has been missed m some patients because 
of its bilaterah^’’ Of the 20 cases recorded by Bradford, Bashford, 
and T^'dson, 14 had bilateral and 3 unilateral mvolvement of the face 
In our 16 patients, 10 have bilateral and 3 unilateral facial paresis 
The paresis is present m vaiymg degrees of seventy from case to case, 
and IS of the nuclear or infranuclear type, mvohung the brow and 
eyehds as well as the lower portion of the face Early m the course of 
the disease, it is not usually of such severity as that found in the 
ordmarj’’ case of Beil's palsj’' 

Besides the affection of the seventh nerve, mvolvement of other 
cranial nen^es has been observed and was promment m our group 
We have seen mvolvement of all the cramal nerves in our senes of 
patients ® Four of our patients demonstrated paral 3 ’'sis of accommo- 
dation This IS of mterest smce it has been held bj' man}’- obsen’ers 
(Gnnker (1937), Pnce (1937)) that paralysis of the ciliary muscle is 
pathognomomc of the pol}’neuntis of diphthena We are inclmed 
to beheve that this phenomenon may occur m either condition, but 
that it IS more frequent m diphtheria Palatal weakness of vat}Tng 
degrees occurred m eight patients and dysphagia m sis A hoarse or 
nasal quahty to the voice was noted m mne The vocal cords were 
esammed in two patients and were immobile m the cadavenc portion 
Seven mdividuals had weakness of the muscles of mastication, four 
had soreness on pressure over the masseter muscles and four had 
dumnution of sensation m the distnbution of the fifth ner\e One 
patient (case 14) demonstrated anosmia, deafness, tinnitus, vertigo, 
and loss of the sense of taste Paresis and fibrillation of the tongue 
have been reported by Bradford, Bashford and Wilson Gilpin, 
Moersch and Kemohan noted choked discs m three of then patients, 
and tins may be correlated -with our obsen’ation that these patients 
tend to have a high normal or shghtly elected cerebrospmal fluid 
pressiue We have seen optic neuntis m two cases. 

The wsical and rectal sphmcters are rarely involved except m 
children or m the moribund Constipation is common and probabi} is 
due to the weakness of the abdommal musculature 

s In a recent example ot the disease a patient exhibited total externa! opbi-hanoplecix 
•sTith exophthalmus, from vt-hich a rather prompt and complete recoi en was made 
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Mfld depression or delmum ha\-e been noted in several patients in 
our series paxticiilarh- m those vrho have been conspicuously 
parali-zed In one instance a patient rather severely depressed but 
otherwise dear demanded to be taken from a respirator, despite the 
realization that he could not breathe outside of it. 

Fe\-er m the absence of complications such as pneumonia is not 
common and when present is usually seen in the first week of the Al- 
ness and rareh- exceeds 102T .\mong our three patients who died 
two had a terminal rectal temperature of 102”F and m the other it 
was normal Even m the absence of fever most patients have a imld 
tachvcaidia varymg from 70 to 100 per minute Higher pulse rates 
are exhibited by those with pinexia and in those in which the outcome 
is rapidh' fatal 

The cerebrospinal flmd findings have long been a moot point The 
presence or a high total protein content with few or no cellular de- 
ments IS deemed to be an m\-ariable diagnostic feature by the French 
writers Some of the earher writers pomted out that the cerebrospmal 
flmd was alwaj's normal Howe^•er the cerebrospinal flmd examma- 
tions were hardlj* complete m some instances and m others it is not 
stated dearh* what constituted the examination liTiere the test has 
been quantitatively performed it is found that the total protem usually 
x-anes between SO and SOO mg per cent The range m our group was 
from 70 to 400 mg per cent with an ax-erage of 172 The protein 
content of the cerebrospmal flmd tends to mcrease m the acute phase 
of the disease .4n elexa.tion m the protem content of the cerebrospmal 
flmd may be found as long as three j-ears alter the onset (case 11) 
particularly in those cases where reco\*ein' has been dda^od We 
have seen a patient recently, who has been followed by a neurologist 
for five years and m whom the cerebrospmal flmd protem has been 
elevated smce the onset of the disease This patient has not made a 
satisfactorx- dmical reco-eeri* The number of white blood cells m 
the cerebrospmal flmd m our senes xuned from 0 to 26 usually all 
lymphom'tes Our cases usually had high normal or shghtly mcreased 
cerebrospmal flmd pressures x-arimg from 150 to 220 mm of water 
There was one mid zone and one first zone colloidal gold curve in our 
group It should be noted that the revdation of the ti-pical cerebro- 
spmal flmd abnormahUes m mfectious pohmeuntis may depend on 
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more tlian one spmal tap and analysis of the fluid Stone and Aldnch 
(1940) have recently reported two cases in which the cerebrospmal 
fluid protem was initially rather low (46 and 67 mg per cent) for 
‘'infectious polyneuritis,” but during the course of the disease the 
protem reached high values (375 mg per cent) 

The urme may contam small amounts of albimun durmg the acute 
phase A shght blood leucocytosis, varymg from 10,000 to 13,000 
cells per cubic millimeter was foimd m four patients, and m one 
instance there were 23,000 white blood cells per cubic millimeter durmg 
the first weeks of the illness However, the blood picture is usually 
within normal limits 

The duration of the disease is an mconstant factor The acute 
phase of the malady may last from two weeks to four months The 
duration of fllness m our senes has been from eight weeks to three 
years, and m the latter mstance the patient is not yet well The major 
portion of the tune is consumed m slow convalescence Some of these 
patients never seem to regam them former vigor Occasionally the 
patient whose disease is considered to be stationary may espenence a 
sudden and rapid progression In the fatal case death usually occurs 
withm two weeks after the onset of the imtial s)mptom, and is 
considered to be due to respuatory failure The mortality rate varies 
from 14 per cent m the senes reported by Gilpm, Moersch and Kemo- 
han to 42 per cent m Forster, Brown, and IMemtt’s senes Guillam, 
Barre, and Strohl (1916) and Guillam (1936) postulated that the 
mortahty must be ml to be compatible with the syndrome that they 
have descnbed It is most likely that they were dealmg with a benign 
form of the disease The mortaht)- m our group was 18 8 per cent 
In the 26 patients with “mfectious poljmeuntis” descnbed by Forster, 
Brown and IMerritt (1941) the mortaht}'- was 42 per cent They ob- 
served eight deaths m ten patients between the years 1938 to 1940, 
whereas premous to 1938 only three of sixteen patients had died as the 
result of the disease They believe that them expenence mdicates an 
increase m xnrulence of the disease in late jears 

Recovery is usually complete and no recurrences bar e been reported 
Some patients may have residual mmor weakness Improi'ement is 
usually slow and recover}' of function occurs m the same order m 
which it was lost The last sign to remam may be a moderate -weak- 
ness of one side of the face 
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Two diseases which need to be considered in the differential diag- 
nosis are diphtheritic pol3’neuntis and pohomj’ehtis In the former, 
the historj’- of contact and a bnef penod of mcubation, the presence 
of the vimlent organisms m cultures taken from the nose and throat, 
and the history or presence of a membrane are helpful Differentia- 
tion by means of the chmcal picture is difficult and, at tunes, well mgh 
impossible, smce m both diphtheritic and infectious poljmeuntis the 
paresis, sensor}’^ signs, cramal nerve mvolvement and spmal flmd 
findmgs may all be quite s imil ar In cases m which the diagnosis of 
“infectious pol^meuntis” is made, care should be taken to rule out 
diphtheria b}- the use of nose and throat cultures and the Schick test 
Pohomj'ehtis maj* sometimes be considered m the differential diagnosis, 
but the presence of cells m the cerebrospmal flmd earty m the disease 
aids m diagnosis The absence of objective sensoiy signs m poho- 
mj’ehtis also is helpful Pohom5ehtic paral3'sis tends to limit itself 
to muscle groups while the paral3'sis of infectious pol3'neuritis is wide- 
spread and S3-mmetncal m the extremities Pohom3-ehtis occurs m 
epidemics, mainh- m the summer months Tumors of the spmal 
cord and s3Tmgom3'eha need at tunes to be considered, but careful 
chmcal and cerebrospmal flmd studies will usuall3’ make the diagnosis 
clear The differentiation of neuritis due to other better known causes 
IS, of course, the chief consideration m the differential diagnosis 
In summaiy, the chmcal picture of “infectious pol3’neuntis” is rather 
characteristic The onset usuall3' follows (da3-s or weeks) a mild 
upper respuatoiy^ mfection The imtial nerv'ous S3’mptoms com- 
monl3' are referable to the sensoiy S3'stem There follows closeh- the 
progressive, bilaterall3’ S3’mmetncal, flacad quadruplegia which is 
predoimnantl3' proximal The sensoiy- signs are overshadowed b3’^ 
the motor phenomena There is a high madence of mvolvement 
of the faaal nene Involvement of other cramal nerves ma3' be 
manifested b3' blurrmg of -vision (jumbhng of the pnnted page), palatal 
parah-sis, d3-sphagia, nasal or hoarse ^ oice, and, at times, b3- m\ olve- 
ment of the muscles of mastication The cerebrospmal flmd earl3 m 
the disease t3-picall3' shows a high protem content with httle or no 
cellular mcrease The mortaht3’- is high, \aiymg from 14 to 42 per 
cent Com-alescence is slow, but reco%er3' usuall3 is complete It 
should be noted that once improvement begms, it usuall3 contmues 
at a rapid rate until a stage is reached when there are a few residual 
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signs, such as mild generalized -weakness, or weakness of one side 
of the face 

The therapy of the disease is, as yet, symptomatic Treatment m 
the early phases should be directed towards the alle-viation of pain 
and measures directed toward the well-bemg of the patient The 
appearance of bulbar signs must be watched for carefully Assurance 
and encouragement is not amiss, especially m those patients with in- 
apient or well developed respiratory difficulties Mucous should be 
aspirated from the throat and trachea and an access to a respirator 
(preferably of the Drinker t3fpe) should be assured These mdi-viduals 
are frequently unable to feed themselves or to swallow, and careful 
regulation of nutrition is needed They should receive a nutritious, 
high -vntamm diet We have admimstered vitanun B1 (mtraVenously 
m the form of thiamm chlonde) m large doses (50 to 100 mg daily) 
to rune patients m some cases as long as three weeks One patient 
received 2050 mg of this \utamui mtravenously The only effect 
noted was the rehef of disturbmg sensorj’^ symptoms, such as pam and 
paresthesiae, m sis subjects There was no change m the motor status 
of anj* of them ® After the acute stage of the disease has passed 
physiotherapeutic measures such as regulated passive and active 
exerases and massage should be earned out Protective spbnts 
should be used to prevent the stretchmg of weakened muscles 

In the hght of recent mvestigations on the shortening of the dura- 
tion of lower motor neurone paralysis by Wolf (1940), prostigmm 
should most certainlj* be tned m “infectious polyneuntis ” 

REIUEW OF THE XITEEATURE ON THE PATHOLOGY OP THE DISEA.SE 

In an mcomplete pathological sun-ey of the central and penpheral 
nen-ous sj'stems, Holmes (1917) noted httle or no change m the penph- 
eral nen*es and their roots Swelhng of the neurones of the 
ventral horns of the spmal cord rvith chromatolj^is and eccentnat}- 

* In two recent cases we ha% e administered vitamm E in the form of wheat germ oil 
(45 minims dail\) In one case this drug had no effect on the set ere season maniie=ta- 
tions Howe\ er within three weeks after admission to the hospital, and four weeks after 
onset of the illnejs, the patient uas able to walk about, although the mitial motor signs 
we-e se\ ere. In the other case the patient was able to sit up in a chair wilhm two weeks 
alter remoN-al f'om a Dnnker respirator Use of this ^^tamm m other patients is neces.'nrv 
before ani conclusions can be drawn concemmg its efncaci, in this disease 
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of the nuclei and chromatoh'sis of the Betz cells tcere recorded 
These hndmgs he beheved indicated that the disease was a form of 
penpheral neuntis and excluded any widespread anection of the 
ner\-ous svstem Bradiord Bashford and Wilson 1,1918^ pomted 
out (.1) the acute neurms oi the scianc nerve (.2’' spott}- m^ olvement 
of all the ceU columns ot the spinal cord with permeuronal inot pen- 
\-a 5 cular' round cell inhltration tSl ependxTnal proliferation (41 
changes m the cells of the posterior root gangha m the lumbar and 
dorsal regions (51 roimd ceU inhltration about the neurones m the 
deeper layers ot the cortex with veix* httle neuronal change and < 6l 
spotty degeneration oi musdes Bradford also recorded shght and 
vanable inhltration ot roimd ceUs m the portal tracts of the hver The 
kidneys m his cases showed early patchy parenchtunatous and 
glomerular nephritis Casamajor (19191 reported the pathology- of the 
spmal cord m two cases His hndmgs m the mam revealed (ll 
h}-peremia hemorrhage edema and hbrous sweUmg of the arachnoid 
OI the cord with thickened pia mater (21 mcreased neuroglia nuclei 
m the central gray matter of the cord around the nerve roots and 
postenor root gangha (3 1 CMdence oi begmmng degeneration of both a 
secondarv- and pnmarv* character m the anterior horn cells with hy- 
peremia OI the gray matter (41 marked degeneration of a pnman- 
and secondaix character of the nerve hbers (5) marked degeneration 
ol the postenor root ganghon cells with neuronophagia He pomted 
out that the round ceU inhltration descnbed bv Bradiord Bashlord 
and W'llson was composed oi ghal elements Mets { 1927) found shght 
changes m the lacial nuclei with mild changes in the nerve ceUs of the 
spmal cord mainh conhned to the lumbar region Greenheld and 
Carmichael i,1935> exammed the termmal pornon ol the mtemal 
branch oi the antenor tibial nerve of one patient bv the osmic acid 
method Thev noted severe degenerative changes m this nerve Oi 
the three cases reponed bv Gilpin Moersch and Kemohan ( 19561 no 
note IS made as to the examination of the central nervous svstem m 
one and m another Hodgkm s disease was a complicatmu 1 actor The 
essential changes lound m the third case were degeneration of the 
nerves and some changes in the piostenor root gangha and the piontine 
nuclei The brain stem cerebellum basal nuclei and cerebrum were 
norm-’l Honev-man fl937t reported on the pathologv of lour cases 
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signs, such as mild generalized weakness, or weakness of one side 
of the face 

The therapy of the disease is, as yet, symptomatic Treatment m 
the early phases should be directed towards the alleviation of pain 
and measures directed toward the well-being of the patient The 
appearance of bulbar signs must be watched for carefully Assurance 
and encouragement is not amiss, especially m those patients with in- 
cipient or weU developed respiratory difficulties Mucous should be 
aspirated from the throat and trachea and an access to a respirator 
(preferably of the Drinker type) should be assured These individuals 
are frequently unable to feed themselves or to swallow, and careful 
regulation of nutntion is needed They should receive a nutritious, 
high vitamm diet We have admmistered vitarmn B1 (intravenously 
m the form of thiamm chlonde) m large doses (50 to 100 mg daily) 
to nme patients m some cases as long as three weeks One patient 
received 2050 mg of this vitamm mtravenously The only efiect 
noted was the rehef of disturbmg sensory symptoms, such as pam and 
paresthesiae, m sis subjects There was no change m the motor status 
of any of them ® After the acute stage of the disease has passed 
physiotherapeutic measures such as regulated passive and active 
exercises and massage should be earned out Protective splmts 
should be used to prevent the stretchmg of weakened muscles 

In the hght of recent investigations on the shortemng of the dura- 
tion of lower motor neurone paralysis by Wolf (1940), prostigmm 
should most certainly be tned m “infectious polyneuritis ” 

REVIEW OE THE LITERATORE ON THE PATHOLOGY OF THE DISEASE 

In an mcomplete pathological survey of the central and peripheral 
nervous systems, Hohnes (1917) noted httle or no change m the penph- 
eral nerves and their roots Swelhng of the neurones of the 
ventral horns of the spmal cord with chromatolysis and eccentnaty 

® In two recent cases we ha\ e administered intamin E m the form of wheat germ oil 
{45 mimms dadi) In one case this drug had no eHect on the severe sensorj mamfesta- 
Uons Howev er, mthin three weeks after admission to the hospital, and four weeks after 
onset of the illness, the patient nas able to nalL about, although the imUal motor signs 
were severe In the other case the patient was able to sit up m a chair mthin tv. o necks 
after removal from a Dnnker respirator Use of this vitamin in other patients is necessarv 
before ani conclusions can be drawn concemmg its efficac> in this disease 
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present in equal seventy throughout tlie peripheral nervous system 
Edema rvas e\Tdenced by the wide separation ot the permeunum from 
the funiculi and hi. the appearance ot fairly wide clefts in tlie sub- 
stance ot the bundles The a essels of the spinal roots w ere congested 
and m one case were surrounded by small hemorrhages There was 
little or no tluckenmg ot the vascular endothelium ^lost of the neri e 
roots ot the spmal cord contamed an mcrease m cellular elements 
This r\as most marked m the thoracic region altliough tlie cellular 
proliteration was obMOus m other areas In certam mstances this 
cellular mcrease tended to be spotty with areas of focal accumulation 
of cells The h\-pertrophied sheath of Schwann cells were m pre- 
dommance However groups of phagoc\ tes usually contammg 
mgested cellular debris w ere seen not mfrequently In one case thei' 
were prominent in number and size and resembled “foam cells 
.\n occasional h-mphoc} te was found but tliere was no perivasuclar 
round cell culling m the nerves Poh-morphonuclear leukocj tes w ere 
conspicuoush absent There were no inflanmiatory cells m the 
interstitial tissue ot the nerve bundles but there was a shght increase 
in the densit} ot the connectn e tissue The mj elm sheaths of the 
spmal roots appeared swollen fragmented and moderateh decreased 
m number The most strikuig changes m the spmal roots w ere found 
m the axis c} hnders and w ere well demonstrated b\ the use ot the 
Bodian one per cent protargol method (Fig 1) ^Marked swelling 
and beading ot the c} hnders was a promment feature so tliat, at 
times, the nodules were man\ times the diameter of the normal axis 
c\ hnders Not mtrequently there was shght to marked fragmenta- 
tion of the axones with a tendency to corkscrew formation Some 
axones were wa^•^, other were broken up and curled into small balls 
These findings were interpreted as exndence of actne degeneration 
In some regions the axis c\ hnders were markedh decreased m number 
(b) Cauda equina The nerxes of the cauda equina were similarh 
affected where edema cellular proliferation (mainh hx-pertrophied 
neurilemma cells') congestion and axonal and mxehn sheath degen- 
eration were the most notable features Phagocxtes were lound m 
small numbers and their tendencx to accumulate m foci was noted 
again Lxmphocxte^ and other mflamniatorx cells w'ere rarelx seen 
and there was no penxascular infiltration 

fci Peripheral nerxes Less than 50 per cent of the mxelin sheaths 
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and came to the conclusion that “m none were significant changes 
found in the penpheral and central nervous systems ’ 

PA.THOLOG\ OF THE XER\ OUS S\STEM 

Our three fatal cases had many features m common Irom the stand- 
point of morbid anatom} Autopsies were performed four hours 
after death m tv o cases and six hours after death m the third In one 
case the entire bram spmal cord, and portions of the penpheral 
nenous system mere placed in a dilute solution of formaldehyde, 
U S P (1 10) and sectioned six days later In the other tvo cases 
representative sections of the imfixed nervous system vere placed 
in the foUommg fixatives ten per cent formahn, one per cent tresh 
osmic acid (nerves), and seventy per cent alcohol The staining 
techniques used mere hematox}lm and eosin, eosin methilene blue, 
cresyl laolet, Bodian (one per cent protargol), scarlet red, one per cent 
fresh osmic acid the ohgodendrogha silver carbonate stain of Hortega, 
and the Smith-Quigley stain for myelm sheaths 

Macroscopic findings The only abnormal features on gross exam- 
ination of the brain spinal cord and peripheral nerves v ere a moderate 
degree of edema of the bram and shght vascular congestion of the 
overl3nng leptomeninges of the brain and spinal cord In addition 
slight herniation of the uncus of the temporal lobe v as present in all 
On sectioning the bram and spmal cord nothing remarkable mas 
obserx ed There mas slight congestion of the vessels There v as no 
bulgmg ot the spmal cord on section, as may be usually seen m acute 
anterior pohomxehtis 

Microscopic findings Xerves The peripheral nerxes revealed 
tairlv uniform changes Sections taken from the cauda equina the 
brachial plexus the genitofemoral, external peroneal and sural ner\ es 
and from the emergent dorsal and ventral spinal roots and cranial 
nerxes vere stained b} the hematox}hn and eosm, cresyl xioiet, 
Bodian osmic acid and Hortega silxer carbonate methods In brief, 
the abnormalities vere (1) marked edema ot the nerxe bundles (2) 
congestion (3) moderate increase in cellularitx vith a tendency to 
local accumulation of cells (4) smelling and beading of the mxehn 
sheaths (5) smellmg, beading corkscrexx formation and iragmenta- 
tion and dissolution ot the axis c} finders 

(a) Spinal roots The edema m the spinal roots v as obxnous and v as 
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present in equal seventy throughout the penpheral nervous si'stem 
Edema vras e\-idenced by the wide separation ot the permeunum trom 
the funicuh and bv the appearance ot tairly wide clelts m the sub- 
stance 01 the bundles The vessels of the spinal roots were congested 
and in one case were surroimded by small hemorrhages There was 
httle or no thickenmg ot the \-ascular endothehum Most ot the ner\-e 
roots of the spmal cord contamed an mcrease m cellular elements 
This was most marked m the thoracic region although the cellular 
prohteration was ob^-lous m other areas In certam instances this 
cellular mcrease tended to be spottj- with areas ot local accumulation 
ot cells The h}-pertrophied sheath of Schwann cells were m pre- 
dommance However groups of phagoci-tes usuaUi contammg 
mgested cellular debris were seen not mlrequently In one case the\ 
were promment m number and size and resembled ‘toam cells 
An occasional l\-mphoc\'te was lound but there was no pen\ asuclar 
round cell cuffing m the neri es Pol\-morphonuclear leukocytes were 
conspicuously absent There were no inflammatoiy* cells m the 
mterstitial tissue ot the nerve bundles but there was a slight mcrease 
m the density of the connective tissue The m\elm sheaths ot the 
spmal roots appeared swollen tragmented and moderate!} decreased 
m number The most stnkmg changes m the spmal roots were found 
m the axis c\hnders and were well demonstrated b} the use of the 
Bodian one per cent protargol method (Fig 11 Alarked swelling 
and beading ot the cyhnders was a promment feature so that at 
times the nodules were man} times the diameter of the normal axis 
c}hnders Xot mtrequenth there was shght to marked fragmenta- 
tion of the axones with a tendenc} to corkscrew format on Some 
axones were wa^•} other were broken up and curled mto small balls 
These findmgs were mterpreted as e\ndence ol actne degeneration 
In some regions the axis C} linders were marked!} decreased m number 
(bl Cauda equina The ner\es ot the cauda equina were simdarh 
affected where edema cellular prohteration (mainh h}-pertrophied 
neurilemma cells! congestion and axonal and m}ehn sheath degen- 
eration were the most notable teatures Phagoc} tes n ere lound in 
small numbers and their tendenc} to accumulate in loci uas noted 
again L}mphoc} tes and other inflammator} cells were rarelv seen 
and there was no penx'ascular infiltration 

(c) Penpheral nerves Less than 50 per cent of the m}elin sheaths 
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)f the smaller funiculi ol the external peroneal and sural nerves took 
-he fresh osmic stain There v, as an average of 2500 mj elm sheaths 
per square milhmeter of ne^^ e, as counted from photomicrographs of 
the osmic acid preparations (the number of myelm sheaths m a normal 
nerve range between 5000 and 10,000 per square millimeter) The 
stained sheaths were mainl}’ large and medium sized Hov ever, they 



Fig 1 The Fifth Thor.\cic Posterior Root is It Enters the Spinal Cord, C\sr o 
Fragmented axones of vregular diameter same demonstrating narked beading arc 
illustrated Bodian protargol stain X 200 

were not normal as the rings ot mjehn (on cross section) were not 
smooth and contained debris m the center The smaller sheaths 
rarel} took the stain probably indicating their detnation from normal 
In the larger funiculi a greater number of m\elm sheaths shoved 
affimt}- for the osmic acid (about 50 to 75 per cent) but again the 
smaller sheaths were fev m number The m 3 elm sheaths examined 
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in longitudinal section n ere markedly swollen and beaded undergoing 
dissolution Xo normal axones were seen in tlie peripheral ner\es 
stamed by tlie modified siher mipregnation metliod The axones 
■were swollen to many tmies their normal size and beading was a 
notable teature (Fig 21 Many were undergoing fragmentation and 
mam fibers were dmded into small filaments Corkscrew forma- 
tion of the axis ci hnders w as common Licrease ot the cellular ele- 
ments was demonstrable b\ this siher metliod and consisted mamly 



Tk 2 \ Section FROM THE Pfronevl Xer\l or C\SE 2 
Xou the swollen ixoncs ind the menace of cUluKr elements Bodnn protircol 
stun X 200 


ol h\-pertrophied sheath of Schwann cells There was a slight gen- 
eralized infiltration ot phagoci tes and h-mphoci tes most prominent 
in the peroneal iierTes In the latter nerTe an occasional pernascular 
round cell infiltration of hanphoci tes and a tew pliagoci tes were 
found Similar changes w ere demonstrated in ner\ es from the brachial 
plexus and m the gemtotemoral ncraes 

Ganglia Sections trom the Gasserian ganglia ( Fig 3) and trom the 
dorsal root ganglia taken trom \arious thoracic leaels showed man\ 
changes The ganglia appeared edematous The ncr\e cells were 
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active myelin sheath and axis cxlmder degeneration In neither the 
gangha nor their attached nen e bundles were any pohmorphonuclear 
leukoc^des seen 



Fig 4 Celi^ I'' the \BDOiirvU- S\in>\THETic G^xrLi\ (C\SE 1) 

\n unacected ren e cell adjacent to a ne'e e cell that 15 completeh \ acuolated Snail 
"ounded bodies which are aadophiLc are ensible in the remains of the laite' ce'I Eosin 
methelene blue X ICCO 

Degenera tue changes were lound in some ol the nerae cells in the 
abdominal s\-mpathetic ganglia These consisted ot a-acuohzation and 
the appearance ol aadophilic granules m the c\ toplasm ol some of the 
nerve cells (Fig -D 

Spinal Cord Sections taken irom representatne leads of the spina! 
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slightty to moderately reduced m number and tended to stain homo- 
genously uith concentration of tigroid material about the periphery 
Nuclei were absent m 25 to 50 per cent of the cells (sections cut at 
4;i) and many of those present were in aberrant positions The 
ganghon cells u ere reduced m size and had well defined capsular spaces 
There u as proliferation of capsular cells and some ganglion cells were 
surrounded by satellite glial nuclei or u ere undergoing neuronophagia 
Several “shadow” cells vere seen and some ganghon cells contained 



Tig 3 Section from the Gvsseri^n Ganclion of Casf 1 
Note the interstitial infiltration nith mononuclear cells and homogeneous staining of 
ner\c cells Eosin mcthalene blue X 500 

large collections of fat, or lAcre vacuolated The cells m the interstitial 
tissue were increased in number, and there were focal accumulations of 
these cells in uhich an occasional phagocjte with ingested debris 
uas seen Siher impregnation revealed beading, fragmentation, 
spelling and “corkscrew” formation of the axones of the ganglia, the 
same change that was noted in the peripheral nerves The striking 
findings m these nerx^e bundles as in the others examined w ere edema 
increased cellulantx , the presence oJ phagocytes and Ijunphocx^es, and 
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( ghost cells') The changes were equally marked m the ^-anoas 
cellular groups or the anterior horns In the ventral horns of one 
case several bmucleated ner\'e cells were seen 

A feature of the nuclei dorsahs (Clarke s columns') was the patchy 
outiall of ner\-e cells The cells of the lateral gray columns were 
decreased m number In the dorsal horns the cells usually stamed 
paley and difiuseh and demonstrated hjliochromatic nuclei compos- 
mg the bulk ot the small shrunken cells 

There was a sbght mcrease m gbal elements mainly ohgodendrogha 
m the gray matter oi the cord SateUitosis and neuronophagia were 
seen onlv occasionally and the rant}.' of these reactions was noteworthy 
The vessels of the grar substance were moderately congested There 
was no change m the vessel walls However m one case there were 
many small penvascular hemorrhages which m the spmal cord were 
confined m the mam to the ventral horns and to the area surroundmg 
the central canal About these foci there was no evidence ot any m- 
flammatoiy reaction In this case there were many neurones of the 
anterior horns which contamed mgested blood pigment which ap- 
peared black m the crest Iviolet preparations 

Throughout the cord there was slight but nevertheless definite 
mcrease m ependt-mal cells surroundmg the central canal Abnormal- 
ities noted m the white matter were uregulant}' m the diameter of 
the mtelm sheaths mild and diffuse loss of mtelm sheaths swellmg 
and irregularity m size oi the axones seen m cross section and some 
axonal loss There were large numbers of corpora amt lacea diffuselt 
scattered throughout the white and grat matter 

Bram Stem The bram stem showed changes which were somewhat 
smiilar to those noted m the spmal cord The morbid process ap- 
peared to be a diffuse one with some tendency to mvolve certam 
nuclear structures and nert es more set erelt The ht-poglossal nucleus 
contamed the least pathologt The most sirikmg changes were noted 
m the olivart nuclei where the nerve cells were stamed diffusely 
and contamed much lattt pigment which at tunes composed the 
bulk ot the ceU Ghost ceUs were present m large numbers and 
mant neurones oi the ohvart nuclei contained clear tacuolar mclu- 
sions Wavt cell processes were occas’onally noted The cells of 
the tractus sohtanus and oi the nucleus ambiguus and dorsal motor 
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cord demonstrated some involvement of the cells of the grav columns 
m all cases The changes irere most marked m the cenical and 
thoracic cord although lover le\e]s sho'vied some neuronal damage 
The ventral gray columns throughout the spinal cord vere most 
notably affected Here the number of neurones uas decreased at 
many levels and some of the nene cells appeared small and shrunken 
Xot mfrequentlj bizarre shaped anterior horn cells vith va^'A processes 
were seen The permeuronal spaces vere widened A number of 
the neurones, notably the smaller ones vere stained diffusely and 



Tic 5 1 icloles the Vstertop Horn Cells or Cise 1 
Vote prteenation of Xiss] substance Eosin inEth\]enc blue X ICO 


paleh Xucleoh sometimes could not be distinguished In a fair 
number ot ner^ e cells there was eradence ot chromatolysis of \ arjang 
degrees and there nas a tendency lor the tigroid material to concen- 
trate around the penpherc of the cytoplasm ^'acuo!es u ere present 
in the c\'toplasm ol some ol the anterior horn cells and these apparent 
spaces vere surrounded by tigroid material xshich appeared to be 
normal (Fig 51 These %acuoles vere a prominent finding m one 
case especialh in the lumbar region In man> of the neurones in 
uhich the nucleus vas located centrally it composed the bulk ol the 
cell 4 lev cells vere noted m vhich onh the outlined remained 
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contained inclusions ot tat or were vacuolated (Fig 7) The ^acuola- 
tion was striking in one case and was similar to that found m the 



Fll 6 XllTEFOls PUWOCVTE? I'. THE \ WT S NePT’E NVTP Its EMEPCENCP PPOH THE 
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antenor horn cells ot the spinal cord ot this indmdual \^'ith the 
Nissl stain the \-acuoks appeared as clear unstained spaces sur- 
rounded b\ Xissl substance which xvas moderateh well preserxcd 
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nucleus of the vagus stained diffusel> and homogenously so that the 
Nissl granules vere veil defined in only a fev There was a tendency 
to condensation of the Nissl substance about the penpher}^ of these 
cells The number of cells v as shghtly reduced m number especiall} 
m the dorsal motor nucleus and the nucleus ambiguus Some of the 
nerve cells were shrunken and were surrounded by vide spaces 
Nuclei were absent in some of the cells or the}' v ere found to be placed 
aberrantl}' Some nerve cells of the bram stem, notably those of the 
nucleus of the tractus sohtanus and dorsal motor nucleus of the vagus, 
were surrounded b}' satellite glial cells and neuronophagia vas seen 
here and there The nerve cells of the other nuclear masses of the 
medulla showed mild to moderate chromatolysis v ith homogeneousl} 
pale staming c} toplasm, shrinkage, and widened penneuronal spaces 
There was congestion throughout In one case, as pre\'iously noted in 
the description of the spinal cord, there u ere numerous discrete, small, 
perivascular hemorrhages throughout the bram stem, without any 
e^'ldence of inflammator}' reaction 

Many funiculi of the vagus and hj-poglossal nerves, both in their 
intramedullary and extra-medullary portions nere examined, m 
addition to sex'eral bundles of the accessorj and glossopharyngeal 
nerxes The most striking changes vere noted in the vagi and con- 
sisted of (1) marked edema, (2) swelling and fragmentation of the 
m}ehn sheaths, (3) increased neurilemma cells with man} phagocytes 
and an occasional l}'raphocyte, (4) marked axonal degeneration, as 
evidenced by swelling, beading, fragmentation, “corkscrew'” formation 
and dissolution of the axis c} finders, and (5) congestion In addition 
it should be noted that in one case, the number of phagocytes in the 
vagus nerve was quite marked (Fig 6) These phagoc}tes were not 
unlike the “foam” cells seen m poliomyelitis, m which disease how- 
ex er they are usually found in the spinal cord rather than the periph- 
eral nerx ous sy stem A mitotic figure w as seen in one sheath cell of 
the X agus nerx'e The other medullary cranial nerx es show ed similar 
but less profound changes 

The pons and mid-brain rexealed the same changes as enumerated 
abox e The nuclear masses of the facial nerx'e w ere the most sex erel} 
inxolxed of the cell groups The cells were shrunken had xxide 
penneuronal spaces and some were undergoing chromatoh sis, and 
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composed the cellular bulk and nucleoh were absent or fragmented 
The nucleus was not seen m some cells or it was eccentric Xot a few 
cells contamed tatti. pigment and small \-acuoles There was some 
satellitosis especiaUi notable ui the upper cortical layers and m some 
regions there was an mcrease m the number of glial nuclei m the first 
la\ er The ohogodendrogha ot the white matter were swollen The 
cerebral tissue was congested In one case numerous discrete small 
local pern ascular hemorrhages were seen in both the white and gray 
matter There was no perumscular infiltration ot inflammatory cells 
The menmges were slightl}' thickened and here and there a tew hmipho- 
c\tes and an occasional histiocxte were seen 

Pern-ascular ruffing with round cells was obsen ed m the glomerular 
layer ot an oh'actori- bulb m the smgle case m which they were ex- 
ammed microscopical!}. This is the onh mstance ot pern ascular 
cuffing seen ui the central nervous systems ot tliese cases 

Cerebellum The cerebellum revealed changes smiilar to those m 
the cerebrum Some of the Purkinje cells and the cells of the dentate 
nuclei demonstrated chromatolysis and shrmkage There was a 
moderate decrease m the number ot Purkmje cells The cells ot the 
granular la\ er were normal There was a slight mcrease in the glial 
nuclei in the molecular la\-er The white matter and blood vessels 
were essentially normal 

In general the pathological clianges became progressive!} less 
severe as the neuraxis was examined m an ascendmg manner The 
structures most affected in tlie nervous system ot these indmduals 
were the peripheral and cranial nerves The changes m the central 
nervous s}-stem appeared mild in comparison and the maiority ot 
them w ould appear to be secondarx to those m the penpheral nervous 
system In other w ords man\ of the central nerv ous system clianges 
were apparent!} ot a readil} reversible nature The absence or 
rant} ot neuronophagia in the brain and spmal cord and the relative 
degree oi preservation ot the Xissl substance was notable With the 
exception ot the spott} outtall oi the neurones ot the various gra} 
structures ot the spinal cord and nuclei oi the brain stem the patholog} 
was mmimal Xonctheless the histological changes in the central 
nervous system although comparative!} mild were definite To 
summarize the central changes there was (11 shrinkage vacuolization 
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The ceils of the ^a^ous nuclei of the fifth nerve (mesencephalic, 
sensor}', motor) and the abducens nuclei demonstrated some chroma- 
tolysis and shrinkage The intra-pontine and extra-pontine portions 
of the abducens, tngemmal and acoustic nerves showed early de- 
generation The mi oh ement of the axones of the facial nerves v as 
the same as that noted in the vagus 

Cerebral hemisphere — Representatii e sections from various por- 
tions of the cortex of the frontal lobe motor area occipital lobe. 
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Ammons Horn and from the basal ganglia Mere studied The ab- 
normalities noted Mere (1) slight “outfall” of none cells (2) the nene 
cells sometimes stained uniformly and palely and the nuclei Mere 
absent or eccentric (3) shrinkage of the ganglion cells Mith M'ldened 
penneuronal spaces (4) congestion (5) sMeihng of the oligodendroglia 
of the Mhite matter and (6) shght thickening and cellular infiltration 
of the meninges 

Some nene cells of the cortex had lost Xissl substance Mere 
shrunken and had Avidened penneuronal spaces In some the nuclcu? 
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chromatolysis, and nuclear abnormalities in nerve cells of the spinal 
cord, brain stem, ceiebrum, and cerebellum, (2) wavy and iriegular 
avones and dendiitcs of the neuioncs of the spinal cord and brain 

stem, (?) the rare occiirreiue of a bmiicleated nerve cell in the hiinhar 
cord, (4) the piesence of small discrete foci of perivascular hemorrhage 
m the absence of othei intlammatoiy reaction and the absorption of 
blood pigment by the anterior hoin cells of the spinal coid (in one 
case) Finally, the piesence of a marked degree of phagocytic re- 
action 111 the peripheial neivous system and its absence centrally, 
offeied an unusual contrast 

VISCKRAI RAniOTOGY 

Fhe examination of the viscera showed consistent changes in the 
thiee fatal cases These changes have been desciibed in detail else- 
where (Sabin and Anng, 19-11), and will lie siimman/cd hcic On 
gloss examination there was acute passive congestion and toxic change 
esiiecially m the Iivei , kidneys, heart, and spleen 1’herc was some 
fatty mlilli ation in the liver especially notable about the central vein 
aieas Widcspiead softening had occurred m one adienal gland in 
one case 'I'lie lungs showed varying degrees of atelectasis of the 
lowei lobes with some slight compcnsatoiy emphysema 'I'liere was a 
patchy type of lobular pneumonia, undoubtedly secondary to aspiia- 

tion, and an acute bionehitis in all cases 

On micioscopic examination signihcanl abnormalities were noted in 
the adienal glands of the thieo cases d'heie weie aieas in which 
degeneration of the cortical cells had occuired and in which (here 
was an accumulation of mononuclear cells In one instance inono- 
nuclcai cells weic contained in great numbers in the perineiiiiuin of 
the adienal nerves In some places in the glands collections of 
lymphocytes and plasma cells were contained in stiuctiiics winch 
apiieaiccl to be dilated lymphatics, oi in sites of degcneiated cortical 
cells In one case the only abnoimal linding in the adrenals \sas 
focal vacuoh/ation 

The heart in two c.ises contained clifluse interstitial infiltration willi 
polymoiphonuclcai and mononuclear cells In one case necrosis of 
scattered muscle libeis had occuiied, and the lemiiants of the liiars 
were inliltraled by phagocytes I here was .i focal mnammatort 
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infiltrate in the ivall ot a coronari’ vein m one case This indiindual 
had also a focal phlebitis of a pulmonari- vein the reaction consisting 
of poh-morphonuclear and mononuclear cells 

In the hver m aU cases tliere were small accumulations ot mono- 
nuclear, and occasional pol}*morphonuclear cells withm the substance 
m the portal spaces and m the capsule There had occurred also 
focal necrosis of hver cells with cellular mfiltration and areas ot focal 
tatt}- degeneration without much cellular mfiltration 

In the kidnevs collections of mononuclear cells were tound m the 
mterstitial tissue especiaUi* between the tubules The tubules and 
glomeruh m these areas were mtact 

The spleen contamed an extreme abundance of red corpuscles and 
the presence ot macrophages was noted IMalpighian bodies seemed 
reduced m number undoubtedly due to the excess ot splenic pulp 

VXTMAL rXOCXXATIOX 

Sabm and Armg have recorded the unsuccessful attempt to mduce 
' mtectious pohmeuntis m mice gumea-pigs rabbits, and monkeys 
bv moculation with fresh sterile samples of the affected Msceral and 
nervous organs Xo one has \ et succeeded m transterrmg the disease 
to animals smce Bashtord s report nor m culturing an organism from 
affected tissues 

Discrssiox 

It IS ob\'ious that none of the titles adi-anced as names ior the disease 
are satisfactory There is at present little proof for our suspicion that 
the disease is miectious or mtectne Infectious polyneuritis 
IS usually not lebrile Ascendmg used as a descriptne term to 
mdicate the spread of the disease fails m its duty The patients mav 
not ha^e facial diplegia or “albummo-cytologic dissociation ' 
although these terms are more nearly correct than most of those 
associated with this disease Neuronitis when analyzed has no 
diHerent connotation than neuritis Eponyms which bv elmimation 
i;\ould appear to be the most satisiactory under the circumstances 
ha^e lailed on analysis m this instance Landry s name would ha\e 
.uthced if the case described by Landry had not been disclosed to 
be mo^t likely one oi nutntional deficiency (Brown 193S) Guillain 
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and Barre have eliminated their names from consideration by their 
edict that all cases with the disease recover 

The manifestations of “infectious polyneuritis” may be protean, 
although the condition is usually quickl}’^ recognized by anyone nho 
previously has studied a case A widespread flaccid n eakness, follon - 
mg on an upper respiratory infection, should immediately arouse the 
suspicion of the physician that he is dealmg with “infectious poly- 
neuritis ” The term “motoneuronitis,” a favorite n ith some clinicians 
IS tittilatmg, but somewhat misleading Sensor}’^ manifestations 
appear m these patients almost wnthout exception even though 
flaccid paralysis is the more dramatic 

With the reahzation that the xnscera are involved pathologically, 
one should look for abnormal clinical signs caused by these lesions 
McIntyre (1937) has recorded the clinical signs of toxic changes in 
heart muscle similar to those found in diphtheria, in a patient vith 
“infectious polyneuritis” who w'as studied clinically vith the aid of 
an electrocardiograph 

The presence of a high protein content (with few or no white blood 
cells) in the cerebrospinal fluid is helpful in the diagnosis but may not 
be a requisite Possibly this abnormality of the cerebrospinal fluid 
might be found alnays if several spmal punctures, spaced appro- 
priatety, were done 

It n ould be our thought that one should look elsew here than m the 
nervous system for the causative agent In most instances the vis- 
ceral pathology has been neglected for that in the nervous system in 
“infectious pol3meuntis ” Inxolvement of the viscera (adrenal gland, 
liver, heart, kidney, and spleen) has been found in three instances, 
even though pathological studies of the ^^scera v ere not painstaking 
The visceral changes resemble those seen in such diseases as diphtheria 
and typhoid fever, where a toxin elaborated bj"^ a micro-organism is 
usually held responsible Sabin and Aring (1941) ha\e noted that 
pathological changes of the nscera and of the ner^ous system m 
“infectious pol} neuritis” are unlike those that would be expected from 
the effects of a pantropic \nrus The possibility that a stud\ might 
be fruitful on the organisms responsible for the respirator}’^ infection 
which may precede the onset of “infectious pofyneuritis" has been 
considered It has been noted toward this end that a stud> of the 
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l)actenal3.ora of the lespiratory tract of these persons should be made, 
and that attempts should be made to reproduce the syndrome with 
toxms elaborated b}' these bacteria 
In the nervous system the primary site of damage appears to be m 
the peripheral nerves and ganglia Neuronal changes in the central 
nervous system are widespread, but the}- are not apparent^ of such 
seventy as to be irreversible In fact most of the central changes 
appear to represent chiefly a reaction to injur}’’ ot the peripheral 
nervous system 
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THE CLINICAL EPIEEJIIOLOGY OF POLIOJIYELITISi 

JOHX R PAUL, M D 

From tic Sccttor of Prirtrii~e llcdtctre. Talc Uri-xcsjl} Sclool of ileJtate 

The title of this article deserves some explanation for the term 
clinical epidemiology is new, howe% er old the acti\nt}- it describes ma}* 
be Cluneal epidemiology' (1) may be desenbed as what the doctor 
thinhs about the circumstances under which a given disease appears 
It IS based more upon the exerase of chnical judgement than upon 
the use of statistics, or upon experiments m the laboratory from which 
analogies may be drawn for apphcation m the human field It is ob- 
^'lously only one of several forms of approach to the study of the ecology 
of disease, and is a supplement rather than a substitute for the statisti- 
cal approach (2, 3) For, as the late Dr Theobald Smith (4) has im- 
phed, both forms are necessary and should be used to tunnel into the 
mass of disease from two extremes But in the case of pohomy ehtis 
this emphasis on the clinical side is made adMsedly, because dunng 
the last 20 years it has been eiudent that not only were we learmng 
more about the disease m the monkey than m man, and more about 
figures than facts but we seemed to be satisfied with this form of 
endeavor 

Historical HistoncaUy the epidermological aspect of pohomy'ehtis 
disease is not just a side hght It is closely assoaated with the whole 
story of the disease For from the moment that acute paralysis of 
children became recogmzed, people have been deeply concerned with 
questions as to how and why this dread disease came about There 
IS hardly a comprehensu e article -nhich has ever been written on poho- 
my ehtis m which the author did not become ini oh ed with questions 
of epidemiology And so the history of the epidemiology of poho- 
my ehtis is essentially the history of this disease (5) 

To reaew this bnefly , it may be recalled that although there are 

•The John M\ckoff Lectures for 1941, presented at Xetv York Uni\ersit\ College of 
Mediane, Februari 4 and 5, 1941 
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vague and short references about pohomyehtis which come down to 
us through many centunes, most medical histonans are agreed that the 
first chmcal description of pohom 3 ^ehtis was not made until the end 
of the 18th century It can be foimd in the wntmgs of the Enghsh 
physician (or early pediatncian), Michael Underwood Here a doubt- 
ful account appears m the first editions of his textbook on Diseases of 
Children, which was improved in later editions It is a somewhat 
feeble effort to descnbe a new disease Underwood was aware of the 
fact that paralysis occasionally occurred m young children followmg a 
bout of fever, and in order to make his textbook complete he added a 
description of this unusual malady He beheved it to be due to 
“teethmg or to foul bowels,” and says that it occurred, “seldomer in 
London than in other parts of this kingdom” Another good early 
descnption is that of Monteggia, and it came from Italy in the year 
1829 (6) He beheved he was deahng with a special kmd of paralysis 
in children initiated by a speaal fever of two or three days duration 
And so between these two descriptions a new disease was bom 
After Monteggia, came Badam’s report (7) contaimng the first 
reference to an epidemic In it, four cases were accurately described 
m England They occurred during the summer of 1835, in the small 
town of Worksop, which is m the rmdlands m England Badam's 
paper prompted Heme (8), an orthopedist in Cannstadt, Germany, to 
report his own expenence with a larger number of cases in a monograph 
pubhshed m 1840, and the disease was at last on firm ground For 
Heme gave an excellent chmcal analysis pomtmg out that the symp- 
toms indicated an affection of the spinal cord 
But pohomyehtis was not destmed to be quickly recogmaed as an 
important or common chsease A penod of about forty or fifty years 
elapsed before its significance was generally appreaated and before 
much more was said about its epidemic form We know that it was 
present m this country during that penod, probably the first date which 
can be assigned is that of 1810 (9) We know this because m the 1830’s 
there were certam orthopedic surgeons m both Philadelphia and Pitts- 
burg who were enthusiastic over Strohmeyer’s tenotomy operation and 
in iBeir operative reports on deformed hmbs, they gave dates as to 
when some of their cnppled patients got paralyzed Apparently there 
was no great dearth of paralyzed children available for operation at 
that time 



CLINICAL EPIDEinOLOGL OF POLIOilVELITIS 


497 


We also know that a probable Amencan epidemic occurred m 
Loiusiana in 1841 which was described m a brief ten hne report (10) 
But wh}’ the epidemic character of this disease received so httle at- 
tention IS a question which has puzzled man}* students of this disease 
It is easj’ to imagme that man}' epideimcs must have occurred but 
passed unrecognized, and yet this explanation is not entirel}' satis- 
factorj- either In an}* event about the }'ear 1880 the character of 
the disease seemed to change from that of sporadic to an epideimc 
disease From a cunosit}' the disease became a periodic scourge 
The first appreaable epidemics were descnbed m Sweden m the 
1880’s Then with ever mcreasmg rapiditj', reports appeared from 
many countnes The first defimte Amencan epidemics were those 
reported from New England m the earl}* 90 s (11) The best known 
of these was discussed b}' Dr C S Caverl}', (12) the president of 
the State Board of Health of Vermont, who made two local obserx'a- 
tions of fundamental importance First, he was struck with the fact 
that many of his cases m the epidermc of 1894, occurred m the Otter 
Creek Valle}' of Rutland County, Vermont (12, 13) This is among 
the earhest references to the assoaation of the disease with water 
courses, and one which was refected later m Sweden by the thesis 
which Rhng developed mto his “theorie hydnque” (14) It should 
mterest us agam today Secondly, Caverly is also credited as bemg 
the first to call attention to the variant chmcal forms of pohomyehtis, 
to be descnbed by Vlckman later, as aloritre pohomyehtis 
Durmg this penod (1885 to 1905) most of the work on this disease 
was bemg done m Sweden The names we should remember are 
those of the pediatnaan, iledm, and his pupil Vuckman (15) Vuck- 
man devoted the best } ears of his life to the chmcal epidermolog}' of 
pohomyehtis (15) The secret of his abiht}' to study this aspect of 
the disease was based on the fact that he also recognized a character- 
istic tram of s}'mptoms, which might or might not end m paralysis 
Not only did he recognize the aborti\e case but he also recognized its 
significance to the epidenuologist, for by mcludmg them in his studies, 
he was able to trace the course of the disease m small ^^llages m a 
manner that none before him and few smce have succeeded m domg 
From his long senes of iua esbgations he concluded that the disease 
was contagious, and he developed a theoi}' of human earners But 
he also beheved that it could be spread by means other thnn direct 
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contact, he believed that epidemics could be milk borne His con- 
tnbutioDS were great and the important thing is, that he was con- 
cerned only mth the spread of the disease in man, and not m monkeys 
This was natural, because the virus was unknown and there was no 
expenmental disease at that time 

A few years later m 1908, when Landstemer and Popper (16) dis- 
covered the vnrus of pohomyehtis, there came a bnef penod of five 
years or more in which tremendous advances were made In these, 
Dr Flesner of this countrj' took no small part, sharing with Lewis the 
discovery that the \nrus could be isolated from the nasopharyns of the 
monkey (17) — a finding which soon led Landstemer, Levaditi and 
Pastia (18), and at about the same time Flexner and Clark (19), to 
find the virus m the throat of human cases Too much of this period 
which antedated the first World War, has been forgotten m late years 
It was a penod when Thomsen m Copenhagen, (whose work is seldom 
mentioned today) discovered that you could infect monkeys by rubbing 
the VITUS on their nasopharjmx (20), that you could infect them mtra- 
pentoneally with extremely small doses of the virus, and that different 
species of monkeys showed different degrees of susceptibihty to in- 
fection (21) It was a penod m which three Swedish investigators, 
Kling, Pettersson and Wernstedt (22), took advantage of the newly 
discovered methods on the isolation of the virus from the nasopharjuix 
m h^^ng patients, and succeeded m brmgmg these new methods out of 
the experimental laboratorj^ and into the cbmcal laboratorj’- They 
were the first to find the virus m the stools of human cases Using 
filtered washings from the throat and from the colon, they inoculated 
their human matenal into monkeys intrapentoneallj’’ and also into 
the sciatic nerve — and reported an amazing number of positive tests 
m isolating the \arus from the nasopharynx and from stools of acutelj’’ 
paralyzed patients, abortive patients, and earners A better apprecia- 
tion, however ^ ague it may have been, of the cxlra-nettral existence of 
the vTTUS came into being as a result of this v,ork To them should 
go the credit for the first extensive, cbmcal and laboratory stud}' of the 
epidemiolog}' of pohomv ehtis There was, however, one unfortunate 
feature about these expenments, namely, that their entena for deter- 
mmmg the presence of the virus were not as definite as they should 
have been Particular!} was this true of the interpretations of the 
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lesions m the spinal cords of the inoculated monkei's At least some 
of these lesions would not be accepted today, and so it is difficult to 
deade how mani* tunes the}' actualli- did find the ittus But although 
the experiments were not accepted in toto thei' marked the be ginnin g 
of a new era m the histor}* of pohomyehtis With subsequent work 
m this countT}' came the demonstration of the -virus m the nasophaiyn- 
geal w ashin gs of a group of f amili al contacts b}' Flexner Clark and 
Fraser m 1913 (23) —and a confirmation of this finding wi th in the 
same year bi* Khng and Pettersson (24) m Sweden This was the 
beg innin g of the experimental endence to show that ‘liealth}-'’ carriers 
might exist among/cnu/i groups where there had been a case of para- 
Ij-tic pohomi'ehtis The best and last clmical epidermological stud}' 
from this period is that of Taylor and Amoss who found the \'irus m 
the nasophaiyngeal washings from two chil dren dunng a fanuly 
epidemic (25) It was a pit}' that this t}'pe of clinical epidermological 
mvestigation was not pursued further but a number of features tended 
to shift the emphasis at that time mto other directions 
The subsequent penod (1917-1930) was one which was imbated by 
a need for the standardization of laborator}* technique for those en- 
gaged m work on this disease This need was great Xot only had 
some of the ongmal results of Khng et al (22), been dependent upon 
“lesions’ which not all laboratones would accept, but a senes of other 
reports appeared (several of them from this countr}*) m which the 
isolation of the imis was claimed under a vanet}' of questionable 
orcumstances, indeed the e^•ldence presented m these reports would 
certamly not be accepted today It seemed essential to define the 
diagnostic cntena for the identification of pohom} ehtis ^'lrus, and to 
demand more ngid controls m experimental work of this t}'pe The 
outcome was, that mvestigation of this t}-pe was taken out of the 
hands of clini cians and was returned to the experimental laborator}- 
It became a penod of standardization not only of cntena but of meth- 
ods a penod m which the experimental disease m the monkey was 
studied mtensively and m one particular way One stram usually 
the M V stram one speaes of monkey, the rhesus, and one (or at 
most two) routes of moculation the mtracerebral (or the mtranasal) 
route, were the standard procedures to be followed It was a penod 
in which some of the concepts built up by clmical mvestigators of the 
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decade before, were brokea dorvn by the espenmentahsts It was a 
penod which culminated m the behef that pohom3^ehtis raus is strictly 
neurotropic m its capaaty to mvade the body of the monkey (26), 
or even man (27) It was also the penod when the neutralizing 
actmty of human sera set up agamst the M V (or the Aycock) strain 
was widely used as a method of epidermological study (28) It was 
the penod when statistical epideimologj' seemed to take precedence 
over chmcal and field epidemiolog}- No doubt it was a healthy stage 
m the historj" of the disease It certamlj' left its mark on the present 
generation, for it is this aspect of the epidennologj’’ of pohomyelitis 
(namelj* the expenmental and statistical point of \new) which is the 
one about which most renews have been wntten Because of this 
famihantj- I will not tr^' to go over this ground again 

Before proceeding with recent work it maj: be well to review some 
of the accepted pnnciples which concern the distnbution of poho- 
mj*ehtis msofar as its geographical seasonal and age mcidence is 
concerned 

Geographical dislribuiim — ^Pohomj'ehtis is world-wide m distnbu- 
tion and it has been said that no countiy, from which records are 
available, is known to be entirel}’’ free from sporadic cases (29) But 
m general it is a disease of temperate climates and both the endemic 
rate and the frequence* and seventj* of epidemics mcrease with the 
distance from the equator Scandmawa, Northern Umted States 
and Canada, Austraha and New Zealand are the regions where the 
disease seems to be most common 

Seasonal dislribuiioii Chmcal pohomyehtis is now recognized 
essentiallj" as a disease of summer and fail, although sporadic cases 
and even epidemics ma\’^ occur durmg an}’ month of the }ear (30) 

It 15 unusual for epidemics to begin before the onset of warm weather 
and, while there are numerous exceptions, epidemics ordmanh dis- 
appear with the approach of cold weather It is not m fact, an un- 
common expenence for an epidemic to start late m the summer, and 
apparently to cease with the commg of wmter, only to reappear in the 
same area agam on the following spnng and to run its course through 
the entire subsequent summer 

Raiufall Opinions are conflicting as to whether poliom3ehtis is 
more apt to occur during dr}' summers or wet summers but there is a 



CXINICAl EPIDEMIOLOGY OF POLIOMYELITIS 


501 


slight balance m favor of the former In Sweden, Gard (34b) beheves 
that during epidemic times, the attack rate goes up penodicaUy withm 
6 to 10 days after rainfall and particularly heavy rainfall He beheves 
that both rainfall and temperature exert a deasive influence on the 
appearance of pohomyehtis Somewhat similar, though less defimte 
indications may be found m some of the reports from this country (35) 

Urlan and rural distribithon Clmical pohomyehtis also has pre- 
dilections for certam tj’pes of surroundmgs withm the same general 
area, for m spite of some disagreement (31) on this pomt the attack 
rates are apt to be higher and the disease more severe durmg epidermc 
times m the suburbs or outskirts of a city than m the most densely 
crowded areas (32, 33) In other words, accordmg to several au- 
thorities not onlj' IS pohomyehtis a summer disease, but it is also a 
rural disease The explanation of this feature has by no means been 
settled for one is free to choose as to whether the influence of season 
or place exert themselves more as features which tend to spread poho- 
myehtis rarus, or more as features which tend to affect the resistance 
of the host 

To the author it seems logical (for reasons to be mentioned later 
m this re\aew) that the rural prevalence of pohomj-ehtis, its s umm er 
prevalence, and its prevalence m temperate zones may be linked to- 
gether in some mj'stenous waj' The nussmg link or links probably 
represent emaronmental factors of considerable epidemiological 
importance One can only conjecture what thej’’ are, but it is logical 
to suppose that some of these factors have to do with the dissermnation 
of the ^•lrus 

Host susccpttbihly Xo attempt wiU be made to re\nev, the exten- 
sive hterature deahng with natural (hereditaiy^) resistance to poho- 
mjehtis Most of this hterature is concerned with the tj-pes of 
mdi\nduals who acqmre paralysis rather than the tj-pes who acqmre 
the commoner non-parah-tic forms of the disease Exndence has 
furthermore, been assembled to mdicate that f amili al tendenaes to 
acquire pohomjehtis exist (91), comparable to those seen in other 
infectious diseases such as, for mstance, tuberculosis and rheumatic 
fe\er 

One acquired feature which senously affects a child s resistance 
to the acqmsition of pohomjehtis and to its ravages, is the recent 
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removal of tonsils It can be considered a practical fact that during 
the Toronto epidemic of 1937, among children between the ages of 
3 and 12 years, acute pohomyehtis developed more often m those 
recently tonsiUectomized than m others, and among the children with 
pohomyehtis, the mcidence of the more severe (bulbar) form was 
more than tvnce as great m those whose tonsils had been removed as 
m the others (92) The mechamsm of this artificial enhancement of 
susceptibdity has not yet been estabhshed 
Age mcidence of pohomyehtis Among aU the mystenous and 
controversial features about pohomyehtis there is at least one upon 
which aU are agreed, which is, that children are more susceptible to the 
paralj-tic form of the disease than are adults Ih this respect poho- 
myehbs simulates such widespread and common diseases as diphtheria 
and measles, and it is assumed that the explanation for the age dis- 
tribution IS the same in aU three diseases, namely that adults fail to 
contract the disease so readdy because thej^ have acqiured immunity 
to it dunng childhood But there is not so much agreement when 
Lt comes to an explanation of the exact method m which adults have 
acquired their immumt}" To answer this question there have been 
many comparative studies on the age distnbution of climcal cases of 
pohomyehtis under different epidemic conditions As an earlj" ex- 
ample one may quote the conclusions drawn from comparative studies 
on the age incidence of pohomyehtis by Frost, who m 1913 (36) pointed 
out that the age mcidence vaned with the concentration of the popu- 
[ation Dunng the subsequent 20 years, others (37) presented ein- 
ience to substantiate this \aew, namely that the more densely 
oopulated the commumty, the younger was the age of those affected 
rhis harks back to our recent mention of the seventy of rural epidemics 
of pohomyehtis This seventy of rural pohomj'ehtis, with many adult 
mses and a high mortahty, was ongmally interpreted as mdicating 
that rural adults might be more susceptible to pohomj'elitis than vere 
Luban adults The theorj' postulated that in those commumties 
trhere the opportumty for contact was high such as the cit} , there v as 
in enhanced faahtj' for the acqmsition of siibchmcal and perhaps 
non specific immunity, whereas in those communities where the op- 
portumty for contact was low, the children and young adults did not 
have the benefit of this tjpe of rmmumty 
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But -wliatever the explanation ma 3 ' have been of this contrast be- 
tween the age incidence within urban and rural communities, it is 
more difficult to be dogmatic about the situation toda}-, because the 
age madence of pohom 3 -ehtis seems to have undergone certam funda- 
mental changes withm the past 20 3-ear5 These changes pomt to a 
general mcrease m the tendenc3- of pohom3'ehti5 to attack the higher 
age groups aU around Xot onl 3 - has this been noted m this countr 3 ’ 
but in Sweden, and Austraha as well (38) It is now apparent that the 
age madence of urban cases m Xew York Cit 3 - m the epidemic of 1931, 
was almost identical with that which had been noted m rural Xew 
York State m 1916 (39) With this general, and modem shift m age 
madence, the difference m age madence between rural and urban 
populations often disappears, and m at least two recent epidemics m 
this countT}' the findin gs of a decade or two ago have even been re- 
versed, namety the rural cases have even been found to be 3 -ounger 
than the urban cases = If one is to explam this accordmg to the 
reasomng of a generation ago, one would have to assume that I’anous 
populations m general, and urban populations m particular, are be- 
commg more susceptible to pohom 3 ’ehtis On the other hand the 
maeasmg prevalence of pohomi-ehtis m the higher age groups rrnght 
be due to other reasons It might be partiall}’ due to a broadenmg of 
chmcal diagnostic cntena and to the mclusion of a greater number of 
abortive tipies (lor we know that abortive pohom 3 'ehtis is found m a 
shghtl}- older age group than that of the parah-tic cases) (40) Or it 
might be partialli' due to the fact that more poIiom 3 'ehtis virus was 
reaching more jieople than was formerX the case, m other words, it 
rrnght be a question of dissemmation and dosage We wiU have 
occasion to refer to this later 

Kcufrahzatiou tests It seemed at one time as it many of these 
questions as to whether rural people were less immune to pohomi-ehtis, 
or whether people who hved in the tropics (where pohom 3 'ehtis was 
scarce) were less immime etc , could be answered bi* the use of the 
neutrahzation test m somewhat the same manner m which this test 
has been used for the stud 3 - of the epidenuologi* of I'ellow fe\ er From 
the start there were technical difficulties about these tests with human 

’These tT\o ep demies rep-esent those of Michipan m 1939 and 1940, and of south 
westeriL West \*irgini 3 for the same ^eaTs 
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scra which were originally set up with one strain of pohomyehtis virus 
and with small numbers of monkeys, mstead of with several strains 
or with large numbers of mice as could be done with viruses readily 
infective for rodents Furthermore, it was assumed at first that the 
presence m human serum, of substances which were capable of neu- 
tralizing a given stram (usually one of the standard monkey-passage 
strams) of pohomyehtis virus, could be mterpreted as a specific findmg 
which indicated that the person from whom the serum came was 
actually immune to pohomyehtis ® But it presently became apparent 
that those mdividuals who had had the paralytic form of pohomyehtis 
did not possess an excess of neutralizing power in their blood for m 
some comparative senes, the convalescent patients even showed less 
of this property than could be found m the blood of normal mdividuals 
It also became apparent that not all strains of pohomyehtis virus were 
alike In fact the differences between some strams are so great that 
we might even be justified in regardmg pohomyehtis as a group of 
diseases (Indeed a situation not unlike that which exists in mfluenza 
ma> be present ) More recently Schaeffer and Muckenfuss (44) 
decided that from both a techmcal and clmical standpomt the test 
was madequate, and Brodie, et al (45), and later Burnet (46) both 
deaded that whether the techmcal procedures were adequate or not, 
the results had bttle to do with the immumty of the individual patient 
to pohomyehtis Consequently we are apt to accept with some 
resen>^ations those concepts^ of the epidemiology of pohomyehtis n hich 

’ According to these crude tests it was found that the blood of new bom infants pos- 
sessed a certain amount of neutralizing activitj to one of the standard strains of polio- 
iD> ehUs vims, that this neutralizing propertj was either less or absent dunng earh child- 
hood, but that it increased giaduall} dunng adolescence untd at about the age of 20 it v as 
found that almost 80 pet cent of those tested had some neutralizing poaer m their serum 
and this percentage was subsequentlj mamtamed dunng > oung adult life (28) 

* Some of these concepts were concerned with the fact that man acquired immunit} to 
pohomi ehtis b> a process of “immunologic maturation,” or bj “subclmical immuniza- 
tion,” which s imula ted the situation which occurs in diphtheria The findmgs indicated 
that the development of antibodies were almost more of a function of age, than of con- 
traction of the disease This was interpreted b> some as indicaUng that the virus was 
round about us constantlj, and that the process of immunization was gomg on steadii> 
all the time It was also less necessarj under these arcumstanccs to postulate that en- 
vironment m the chmabc and geographic sense had much to do with the actual spread o 
the disease It emphasized (and nghtl>, no doubt) the importance of host susceptihihtv 
in determining the distribution of pohomj ehtis In some w a\-s these concepts bark bic 
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have been denved from the smgle stram (so-called standard strain) 
neutralization tests This does not mean that all the possibihties of 
the neutralization test, as performed in monkej's, have been exhausted 
m this disease Perhaps the use of more adequate techmque par- 
ticularh- vath the homologous epidemic stram (49), or the use of many 
strams may render it of much more value, or perhaps the discoverj’^ 
that some strams maj- be adapted to the cotton rat, and to mice, may 
be the basis of future studies m vhich an adequate number of animals 
can be used to make the results of this test statistically soimd (47 48) 
But, so far, this test has not eluadated the problem as to how or when 
the majontx- of people acqmre immumt}- to pohom 5 'ehtis 

So lie must begin anew m our efforts to determme how man acquires 
pohom\'ehtis and m domg so it is alwaj s well to return to the patient, 
and start afresh from there In this particular connecbon speaal 
attention will be placed on the abortive case For it is likely that such 
cases represent the crux ot man}’ problems in the epidenuolog>- of 
pohomyehtis Their relati\e frequency dunng epidenuc times is 
such that thej may be of enormous immunizing importance to the 
]u\ emle population ® 

Aborti'cc polwmychits Although it is unknown whether abortive 
cases of poliomyelitis are more frequent than they were twenty or 
more years ago at least they are recognized with more frequenci* in 
this countiy This is due to the fact that the detection of the non- 
paraljiic forms of this disease rests on firmer ground toda}’’ than 
heretofore, because the iirus of pohomjelitis has been repeatedly 
recoiered from tlie nasophaiynx (50, 52) and from the stools or in- 
testinal w ashings (53, 54, 55, 56 58) in such cases 

Recogmtion ot tlie existence of abortive pohomj elitis and measure- 
ments of the frequency of this form of poliom) ehtis are of the greatest 


to the e-irher \iev,-s of Draper (41), who pointed out that there were mdicaUons of phrao- 
logic imbahnce m persons attacked b\ pohomj chtis The\ find expression m the taew^ of 
■\\ cock (42), and Jungeblut (43), relating host susceptibihti to pohomj ehtis with endo- 
crine actu it\ or di-sfuncUon All of these \iews arc more concerned with the importance 
of human su^ceptibihu as it exists m pohoma eliUs and other infectious diseases, than with 
the paths w hich ma\ spread the \aru5 

‘ As a matter of fact it has been demorstrated wath senal homologous stram neutrahia- 
tion tests that an increase m anubodies ma\ occur in some patients who ha\e sustamed 
mild aborUi e cases of pohomi ehtis (49) 
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assistance to the clinical epidemiologist m tracmg the spread of the 
disease (40) For, mstead of including only the occasional paralytic 
cases in his studies he can mclude in certain famihes (50, 58), institu- 
tions (55), or commumties (57), almost all of the cases with climcal 
symptoms ® 

But the clmical diagnosis of abortive pohomyehtis is still difficult 
(51) and it is safe to say that for practical purposes, abortive poho- 
myehtis can only be diagnosed during an epidemic of pohomyehtis 
(59) Under these circumstances such cases are often found in small 
familial groups, that is, contemporaneously with the development of 
a paralytic case in one member of a family there may be an outburst 
of brief, febrile illnesses among the brothers and sisters of the paralyzed 
child From reports of more than 200 such cases observed in two 
epideimcs in Eastern sections of the Umted States, abortive poho- 
myehtis can be descnbed as an acute illness charactenzed mainly by 
symptoms which are the same as those often seen in the early stages of 
a case of paralytic pohomyehtis These include fever, lasting from 
12 to 72 hours and generally accompamed by headache, vomiting, sore 
throat, occasionally diarrhea, occasionally pain in the back and hmbs, 
and occasionally a stiff neck Such patients may frequently exhibit 
a sbght degree of stiffness of the spme, if this sign (the spine sign) is 
dihgently tested The bnef lUness is then followed by a penod of 
malaise which may last a week or more Spmal flmd examinations 
made durmg, or just after the febrile penod generally fail to reveal 
positive findings, such as pleocytosis and an mcreased globulin con- 
tent, but this failure to find spinal flmd changes is not accepted as 
evidence that the lesions of abortive pohomyehtis, slight though they 
may be, are necessanly all extra-neural in location 

It is obvious that the majonty of these ill-defined (abortive) cases 
have often gone, and still go undefined and unrecognized under such 
designations as “acute gastro-ententis,” or “gnppe ” Thepracticing 
physician may hold his opimon about them in reserie, plaang such 
cases in the category of suspicious pohomyehtis cases, but the epi- 
denuologist must regard them mth particular care 

' Not all obsen ers are agreed on this point Card m Sv\ eden (34a) beliei es that most 
of these minor illnesses -ahich so often accoinpan> on epidemic of pohom> ehtis are examp es 
of another infecUon which perhaps faciUtales the entrance of the pohom) ehtis nrus into 
the host 
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There have been recent attempts in this coimtrj’ to deterrmne how 
the}’^ compare m frequency to the paralj'tic cases (40) This ratio 
ma}' well differ m different epidemics but unfortunateh’ the diagnostic 
catena may differ also Leake (61) has pointed out that, m our large 
1916 epidemic and precedmg it, aU but a few reported cases were 
parah-tic in 1936 — about 50 per cent, and m ITrgmia m the same 
j-ear — about 14 per cent In two epidemics (Connecticut — 1931 
and Pennsi-lvama — 1932) m which an mtensive stud}' was made of 
this pomt, the mil d cases (abortive and suspected abortive) were 
found to outnumber the parah'tic cases by at least eight times (40) 
Consequently, if all the cases abortive and parah'tic had been m- 
duded m the offiaal returns from these epidemics, the attack rates 
for pohomyeUtis would have been found to be veiy' different from those 
usually accepted In fact, they would have approached the attack 
rates of highly contagious diseases It comes down therefore to the 
fact that durmg epidemic tunes, pohomyehtis actually 7S a common 
disease, and its abihti' to give nse to widespread unmurnty should 
also be \aewed m this hght 

One of the first features that becomes eiudent m this connection is 
a refutation of the old statement (found m man\' textbook articles on 
pohomyehtis) that the disease seldom attacks more than one member 
of a f amil y 'U'hat the textbook authors unphed was, that the disease 
seldom paral‘\zcs more than one member of a family, for multiple 
cases wi thin fanuhes are frequent, and famih' epidemics are frequent 
and often explosn e m character (34, 62, 50 57) The explosiveness of 
the family epidemic is a pomt which is brought out m sharp rehef by 
paymg close attention to the abortive case The situation would 
seem to mdicate that most of these famihes become infected through a 
common source a feature reminiscent oi the old question as to whether 
milk borne epidemics of this chsease may not exist In any e^ ent, it 
becomes apparent that the disease seldom nms through a family as 
does measles with pnmaiy-, secondaiy or e^ en tertiar}' cases separated 
by an mteiv'al equal to the meubation penod of the disease (62, 63) 
Institutional epidenucs may also be of this same U'pe (55) By the 
accumulation of more data about family and institutional outbreaks, 
supplemented with tests for the \-iru5 we should graduall} learn more 
about the spread and circumstances imder which the \'irus is dis- 
tnbuted among groups of people of different ages and the expected 
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ratio of both healthy and convalescent carriers A finding which 
has already come to hght is that children under 5 are more apt to 
harbor the virus m their mtestmal tracts dunng epidemics than are 
indiinduak above this age (56, 64) 

Portal of entry 

From the epidemiologist’s standpomt, the portal of entrj' is mamly 
important insofar as knowledge of the route whereby the \nrus enters 
the human body may give us a due as to what the vehicle is which 
carnes pohomyehtis irnis to its potential \nctim In other words, it 
is important if it tells us whether the virus is assoaated m nature with 
a droplet of nose spray, with contammated food or water, or with a 
contammated insect 

Nasal mucosa In 1935 the nasopharynx was accepted, almost 
umversallj’’ m this countr}^, as the portal of entrj’^ m pohomyehtis In 
its favor was the fact that the virus had occasionally been detected 
m the human nasopharynx (52) Furthermore, it had been found 
easier to infect rhesus monkeys by ins tillin g the virus mto their nos- 
trils, than to infect them by certam other routes Particularly was 
this true of the expenmentahst who worked with some of the highly 
virulent, so-caUed standard strams of the virus But the significance 
of this abdity to infect rhesus monkeys mtranasally began to lose some 
of its force when it became apparent that an mcreasmg number of 
neurotropic \nruses are also infective if mstiUed mto the nares of ex- 
perimental animals For instance, this can be accomphshed with 
yellow fever virus m rmce, and occasionally with rabies virus, — ^al- 
though It IS obvious that such laboratory manoeuiTes do not tell 
us much about the manner in which yellow fever or rabies spreads m 
man Next, Sabm and Ohtsky (65) pomted out that lesions may be 
regularly produced m the olfactorj' bulbs of the monkey when the 
inrus was mstiUed mtranasally, although they were not produced when 
the imis was mjected mtracercbrally Thus it immediately became 
important to know whether these olfactorj^ bulb lesions could be found 
m fatal human cases There is still not as much definite information 
on this pomt as one would hke but all the reports indicate that human 
olfactory bulb lesions do not occur with any degree of frequency m this 
disease Landon and Smith (66) foimd very httle pathological change 
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m 56 olfacton* bulbs from their senes of fatal hum a n cases Harmon 
and Levme (67) found only shght lesions m the olfactoiy- bulbs m 2 out 
of 9 cases, and Sabm (68) reports that only with rare exceptions have 
significant changes been encountered m his senes of human olfactoiy 
bulbs These findmgs mdicate that it is unhkeh' that the nasal 
mucosa and olfactory* tract is an important portal of entr^- m 
man 

Gasfro-inicslitial tract One Amencan mvestigator Toome}' of 
Cleveland, has long been a champion of this route His experimental 
e\'idence has been based on observations which seem to have mdicated 
that infection of the central nen-ous system bi' the virus of poho- 
myehtis (which had been mtroduced mto the gastro-mtestmal tract) 
was facihtated by mjiuy- of the gut or by the supplemental* action of 
the toxins of certain entenc bactena (69) But pnor to Toomey’s 
work on monke 5 *s, experiments were earned on m Europe b}* Kling, 
Lei-aditi and others (70, 71), and b}- Saddmgton m this countix’- (72), 
who pomted out that it was unnecessaiy to dense compheated ex- 
periments m order to infect monkeys by the gastro-mtestmal route, 
pronded one used the proper speaes of monkey for if one used the 
Java monkey (Macacus cynovwlgus) mstead of the rhesus {Macacus 
rhesus or inulatta) it was possible to infect the former bi* feeding the 
imis Smee then these results have been amplified (73, 74), and also 
the green Afncan monkey {Ccrcopithccus acthwps sabacus) (75) has 
proved susceptible to infection after feedmg And Howe has extended 
this work to the higher apes or chimpanzees (76) In some of his 
chimpanzees the olfactoiy' tracts were cut pnor to feedmg (in order 
to preclude the entrance of the xmis bi* that route) and yet infection 
was successfully produced ItTiether the inrus penetrated the mucosa 
of the mouth, the esophagus, the stomach or the small or large mtestme 
has not been settled, but it is urmecessarj* to menmmate the olfacton* 
bulbs in most of the feeding expenments It would seem qmte defimte 
therefore that the disease can be produced experimentally by feedmg 
the proper animal with the \-irus This mai* or may not be of great 
significance for we haie already warned against the danger of ex- 
plaining the human disease m terms of expenments upon monkei's, 
but we should mention that, if one assumes that man cannot acquire 
poliomj ehtis bi* swallowmg the xirus then we must assume that, m 
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this respect, man resembles the rhesus monkey more closely than e 
does the Java monkej', or the green Afncan monkey, or 
chimpanzee 

Cutaneous route The importance of this route "would be of major 
significance if it became necessary to hj^othecate that the disease 
V. as spread by a bitmg msect All one can saj* is, that it is easy to infect 
monkej's by mjectmg some strams of the ^-lrus under or mto the skin 
and difficult to infect them with other strams (77, 78, 79) But it 
also should be remembered that pohomj-ehtis has been actually pro 
duced in man by this route (SO) This was done acadentaUy of course 
at a time when vaccmes were bemg tried in this disease 

Our knowledge of the various portals of entrj' m man can therefore 
be summarized with the statement that it now seems imhkely that the 
olfactory bulbs represent the usual portal m this disease The ora 
cavity, and the gastro-mtestmal tract seem more hkety, the cutaneous 
route IS a possibility 


Portal of exit 

N asopJmrynx From the tune when pohomyelitis was first success- 
fully isolated from the throat m man theories ot the spread of this 
disease began to revolve about this region and have continued to do 
so for a generation During this penod the nasopharymv was more or 
less taatly accepted both as a portal ot entrance and as a portal of 
exit of the \-irus m man According to estimates made in 1938 the 
virus of pohomyehtis had been isolated from the nasopharjmx 29 
times out of 287 tnals (52) These results indicated that the optimum 
tune for detecting the nrus is in the first few daj's ot the disease and 
they also suggested that about 6 per cent of patients seem to harbor 
the virus m the throat for fauly long penods of time Owing to 
techmcal difficulties it is probable that this figure is not very accurate 
and probably too high for great hberahty has been used m the inter- 
pretation of the earher “positive” tests, gleaned from the literature 
(It may be stated that m 76 tests performed in our own laboratory 
since 1931, have never succeeded in isolating the nrus from the 
nasophaiynx after the fifth da}' of the disease) It is quite likely 
nevertheless, that this presence of the Mrus m the throat is of epi- 
demiological significance, although the part that oral secretions may 
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play m transmittmg the -v-ims from one mdividual to another is un- 
knovm By the same token, however, it would seem today as if this 
nasophaiyrngeal location of the \nrus was of less significance than its 
mtestinal location, for it is so much easier to find the virus m the 
mtestmal tract than m the nasopharjux durmg convalescence 
Gastro-mtestinal tract Smce 1912 (22) there have been mdications 
that the \Trus could be isolated from the mtestmal tract The mam 
reason, however that the mtestmal work was discounted was that the 
diagnostic criteria used m the first experiments were not those which 
are generallj- accepted either then or now A re\nval of mterest m 
the mtestmal tract came m 1937 when Harmon made bnef mention 
of his experiments with 20 convalescent patients (81) He was imable 
to recover the ^nrus from the nasopharjux but was successful with 
colomc washmgs from 4 of these patients Smce that time these 
findmgs have been repeatedlj’’ confirmed and it has now become ap- 
parent that it IS at least twice as easj- to isolate the ^^rus from the 
stool as it IS from the nasophaiynx, — a fact, by the way, of which 
Qmg m Sweden has been aware smce 1929 (14) So withm the last 
few years the idea that pohomj'ehtis may be an “mtestmal disease” 
after all, has come sharpty to the fore The reason that it is easier to 
isolate the \*irus from the stools is, that it remains m the intestmal 
tract for longer penods of time It has been repeatedly found there 
m the second or third weeks of convalescence And withm this penod 
convalescent earners ha\e been demonstrated m from about 16 to 
almost 70 per cent of the cases tested (S3) Occasionally the virus 
maj- persist m the stool for months as noted m the report of Lepme 
et at (54) who isolated the \-inis from a child which had sustamed an 
abortl^e attack of the disease 125 daj's pnor to the time when the 
test was made This findmg mdicates the importance of determinmg 
the frequenc>' with which convalescent earner states occur, as well 
as their usual duration It is a problem of first importance, for al- 
though It may be unknown whether the presence of the ^’lrus m the 
stools of patients is a direct or even an mdirect link m the cham which 
actuallj- leads this agent from one patient to another it is ^ aluable to 
know when the \txus is there We need more knowledge about the 
presence not only of pohomyehtis wrus but of other ^-lruses m human 
stools for the idea that anj- \-irus disease might be spread bj* feces is 
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this respect, man resembles the rhesus monkey more dosely than he 
does the Java monkey, or the green Afncan monkey, or the 
chimpanzee 

Ctdaneotis route The importance of this route would be of major 
significance if it became necessary to hypothecate that the disease 
was spread by a bitmg msect All one can say is, that it is easy to infect 
monkeys by mjectmg some strams of the virus under or into the skin 
and difficult to infect them with other strams (77, 78, 79) But it 
also should be remembered that pohomyehtis has been actually pro- 
duced m man by this route (80) This was done accidentally of course 
at a time when vaccmes were bemg tned in this disease 

Our knowledge of the vanous portals of entry m man can therefore 
be summarized with the statement that it now seems unlikely that the 
olfactory bulbs represent the usual portal m this disease The oral 
cavity, and the gastro-mtestmal tract seem more likely, the cutaneous 
route is a possibihty 


Portal of exit 

Nasopharynx From the time when pohomyehtis was first success- 
fully isolated from the throat in man, theones of the spread of this 
disease began to revoke about this region and have contmued to do 
so for a generation Dunng this penod the nasopharynx was more or 
less taatly accepted both as a portal of entrance and as a portal of 
exit of the virus in man According to estimates made in 1938 the 
imrus of pohomyehtis had been isolated from the nasopharjmx 29 
times out of 287 tnals (52) These results indicated that the optimum 
time for detectmg the nrus is in the first few days of the disease and 
they also suggested that about 6 per cent of patients seem to harbor 
the virus m the throat for fairly long periods of time Owng to 
techmcal difficulties it is probable that this figure is not very accurate 
and probably too high, for great hberahty has been used m the inter- 
pretation of the earher "positive” tests, gleaned from the literature 
(It may be stated that in 76 tests performed m our own laboratory 
smce 1931, we have never succeeded in isolating the wrus from the 
nasopharynx after the fifth day of the disease ) It is quite h 'e y 
nevertheless, that this presence of the vnrus in the throat is o epi^ 
demiological significance, although the part that oral secretions may 
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play in transmitting the vmis from one indii-idual to another is un- 
hnovm B\- the same token however it would seem todai' as if this 
nasophaiyngeal location of the iirus was of less significance than its 
mtestmal location for it is so much easier to find the imis in the 
mtestmal tract than m the nasopharinx during convalescence 
Gaslro-intesinwl tract Smce 1912 (22) there have been mdications 
that the vmis could be isolated from the mtestmal track The main 
reason, however that the mtestmal work was discounted was that the 
diagnostic cntena used in the first experiments were not those which 
are generaUi- accepted either then or now A re\-ii-al of interest in 
the mtestmal tract came m 1937 when Harmon made brief mention 
of his experiments with 20 com-alescent patients (81) He was unable 
to recover the imis from the nasopharxiix; but was successful with 
colonic washmgs from 4 of these patients Smce that tune these 
findmgs have been repeatedly confirmed and it has now become ap- 
parent that it is at least twice as easj* to isolate the mtus from the 
stool as it IS from the nasopharviix — a fact by the way of which 
Hhng m Sweden has been aware smce 1929 (14) So withm the last 
few years the idea that pohomi-ebtis may be an “mtestmal disease ’ 
after all has come sharply to the fore The reason that it is easier to 
isolate the xmis from the stools is that it remains m the mtestmal 
tract for longer penods of time It has been repeatedly found there 
xn the second or third weeks of convalescence And withm this period 
comnlescent earners have been demonstrated m from about 16 to 
almost 70 per cent of the cases tested (83) Occasionally the \irus 
may persist m the stool for months as noted m the report of Lepme 
ct at (54) who isolated the inus from a dnld which had sustamed an 
abortive attack of the disease 125 fiat's prior to the time when the 
test was made This findmg mdicate* the importance of deter minin g 
the frequence’ with which con\alescent earner states occur as well 
as their usual duration It is a pioblem of first importance, for al- 
though It may be unknown whether the presence of the xmis m the 
stools of patients is a direct or even an mdirect link m the rh^in which 
actually leads this agent from one paUent to another it is inluable to 
jjuow when the ^•lnl5! is there We need more knowledge about the 
presence not only of pohom> ehtis %-inis but of other i-iru.4s in human 
stools for the idea that any ^-lru5 disease might be spread by feces is 
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relatively new to medical science ’’ We know nothing of the human 
epidemiology of such hjrpothetical diseases In pohomyehtis it seems 
certam that dunng epidemic times and withm epidemic areas, the 
mtestmal earner rate must mdeed be high when one reahzes the relative 
frequency of abortive cases and the number of these which may “ex- 
crete” virus m their mtestmal tract dunng the first few weeks of con- 
valescence There are also several recent examples of true healthy 
mtestmal earners (55) All of them were under the age of 4 years and 
it is of mterest and probable importance that it is m very young chil- 
dren that the earner rate is highest (55, 56, 64) We soon find fur- 
thermore, that a distmction between a healthy and a convalescent 
earner is not an easy one to make in this disease, for the sjmptoms 
of the abortive attack may be so shght as to escape recogmtion But 
masmuch as m the majonty of the convalescent abortive cases the 
disease is not diagnosed, most of these convalescent carriers would 
come under the category of “healthy earners” as far as the community 
IS concerned 

Another question m this connection is WTiat is the virus of polio- 
myehtis domg m the mtestmal tract (or the pharynx)? Is it growing 
there free m the lumen or m the mtestmal Ijmphoid tissue, or is it 
excreted mto the mouth or mtestmal tract m the same manner as 
rabies vmis appears to be excreted mto the sahva? If the first sugges- 
tion IS true, it rather refutes the idea that the virus is as stnctly neuro- 
tropic m its aflomties, as was once beheved There may mdeed be some 
evidence to support a “visceratropic conception” m view of Khng s 
findmgs of the -vuus m mesentenc lymph glands (84) The suggestion 
that the \nrus is onginally excreted mto the oral cavity, and e\ entually 
makes its waj mto the intestmes because it is swallowed, also does not 
find much support, for it can be demonstrated m the intestines over 
longer periods than m the nasopharynx Sabm’s valuable expenments 
on both autopsy material and cluneal cases suggest that xurus may be 
absent m the nasopharynx while present m the mtestmal tract (64) 
One must confess, therefore, that there is no good explanation to 

■ The onl\ other pathogenic %’mis to date rvhich has been isolated from human stools 
IS that of foot and mouth disease (82) In unpubhshed experiments from our laboraton, 
suggesti% e results indicate that other viruses ma\ occasionalli exist, but adequate me o s 
for their demonstraUon or identification ha\e not been used 
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account for the presence of the virus m the intestinal tract, but from 
an epidemiological standpomt it seems like a dangerous place for a 
pathogemc vims to be Particular^ is this tme -when one considers 
how much ■s’ims may be present m a smgle h uman stool (for somewhere 
between 1000 and 10,000 doses infective for the monkey are demon- 
strable m a 50 gram stool) It is easil 3 * seen then how great a quantity 
of ^Trus must enter sewage durmg epidemic times and it becomes im- 
portant to know something of the conditions under which it can be 
demonstrated here Emphasis should be laid upon the pomt that, m 
spite of Ehng’s iheone hydrtqiie (14), pohom}-ehtis does not appear to 
be essentiaUy a water borne disease The maimer m which it usually 
spreads through the commumty is probably complex and not limited 
to a smgle route but it is worth callmg attention to the fact that m 
small epidemics, cases have been grouped about nvers and streams 
which have been heaAily poUuted with sewage We have had occasion 
to obseri-e such a selective localization of cases about the poUuted 
Nauc^atuck River m southwestern Connecticut on two successive 
3 -ears (57) The question then as to whether pohomyehtis may be 
demonstrated m sewage or polluted water becomes one of more than 
acadenuc significance 

Before descnbmg the expenences with sewage it may be worth men- 
tionm'^ the fact that pohom 3 -ehtis Aurus is qmte stable, it sunuves well 
m 15 ^r cent ether and m low dilutions of phenol In suspensions 
of human feces it keeps m the icebox for months It is small wonder 
therefore that a ^•lnl5 which is stable and which gams access to sewage 

cuch lart^e quantities can probabty be demonstrated there To 
date there are 6 examples m which the nrus of pohom 3 -ehtis has been 
':ucces‘=fuUv isolated from sewage, all of them durmg epidermc times 
^e=e mclude one from Charleston, S C (57) three from a hospital 
cewer m Detroit (57) one from New York City (85), and one from 
Stockholm, Sweden (86) From these tests we have learned that 
lar^^e quantities of the Aims ma 3 - be present m sewage durmg epidemic 
and that the attus may be transported by sewage IMost of the 
no=itive results have been obtamed m the \-icmity of hospitals but 
tlus has not alwa 3 -s been true 

The question has been raised, of course as to whether or not poho- 
mvehtis ^■lrus ma 3 not be a normal inhabitant of sewage, hke tetanus 
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bacilli, or tubercle baciUi For the mere finding of these orgamsms in 
seuage would tell us httle about the epidemiology of the human infec- 
tions which these bacteria cause And so of particular mterest in this 
connection has been an experiment made durmg mter-epidemic periods 
to deterimne whether or not pohomyehtis virus may be present aU 
the time — that is winter and summer, in good years and bad If it 
were present at aU times such a findmg would be in keepmg with 
Aycock’s theory of the pathogenesis of this disease, namely that we 
are constantly exposed to the virus winter and summer, year in year 
out, and only when profound alterations occur in the host does the 
chmcal disease come to the surface To answer this question we have 
recently made a senes of tests on sewage both in winter and summer 
The samples tested represented both hospital sewers and mam sewers 
from the City of New Haven, and one of the larger collecting sewers 
from New York City From all these tests which have been earned 
on monthly for a j’^ear (1940-1941) a single positive result was ob- 
tained from New York City in September, 1940 This was not how- 
ever the year of a large epidenuc m New York City, but the virus was 
found in the local sewer durmg the month when cases of poliomyelitis 
had reached a peak for the year in that city Limited as these findings 
may be they mdicate that pohomyehtis virus is not as readity demon- 
strable in sewage dunng mter-epideimc times as in epidemic times 
And finalty I wish to bnng up again the fact that rural surroundings 
and summer weather are features which seem to be important m the 
spread of this infection One cannot leave this aspect of the subject 
without recalhng that uithin the last few years two or three other 
summer virus diseases, which also involve the central nervous system 
have been recogmzed, and their sinularity to poliomyelitis is consider- 
able The first of these is St Louis encephalitis Its manner of 
spread is unknoini but recently theones have been proposed vhich 
have to do with both sewage and mosqmtoes (87) Another summer 
disease of the central ner\ ous system is Japanese B encephalitis which 
IS said to be mosquito borne A third is equine encephalomyelitis, a 
mosquito borne disease of horses (or perhaps of fouls) uhich uas 
epidemic m humans in Nev. England dunng the summer of 1938 ( ) 
Its <Teo<^raphical distribution among horses in some localities is sai 
to be similar to that of pohomyehtis (89) It is likely that as ou - 
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edge accumulates about these vanous summer encephahtides we may 
also learn somethmg new about pohom3-ehtis 

And so we are again brought to a consideration of pohom3-ehtis as 
a possible msect-bome disease, or at least to a consideration of an extra- 
human reservoir or of vectom m this disease It is well known that 
relative^ few animals have been shown to be susceptible to experi- 
mental infection b3' the inrus of pohom3'ehtis, but the recent experi- 
ments which deal with infection of the cotton rat and other rodents 
ha\e reopened the whole question of the possible existence of an 
animal reseiwoir At least, howei er the \-irus has never been isolated 
m nature from an3' of the common animals birds or insects which 
have been tested during epidemics In the hterature of 25 3'ears ago 
( 90 ) the stable £3* (stomovys calalratis) was suspected of can3mg the 
\*irus, on the basis of somewhat unusual experiments but definite 
proof of this was and stdl is lacking Similarh- the bed bug and house 
5.3' have been occasionall3' shown to be capable of mechanicalh- trans- 
femng the ^•lrus but it is questionable whether we are able to mterpret 
the rlimral significance of these experiments Several attempts have 
also been made to mcnmmate mosquitoes as vectors but all the pub- 
hshed reports have been negative ® One difficult3' m fittmg the epi- 
denuological facts as we know them to a bitmg msect, such as the 
mosqmto, is that we do not have a situation similar to that which 
exists m malaria or 3'eUow fever m which the infectious agent exists 
temporanl3' m human blood, as if it were read3' dunng this penod to 
be taken up bv the mosqmto This does not ehmmate the fact how- 
ever, that a vector might not acquire the \mis from another source 
(such as sewage for mstance) and that subsequentl3' this h3'pothetical 
vector could easil3' infect human bemgs b3* contammatmg food or 
penetrating the skm 

In conclusion then, we do find certam features both seasonal and 
geographical which ma3 indicate that a h3'pothetical extra-human 
host, vector or vehicle mai' exist m pohom3'ehtis as the latter does 
for instance, m cases of t3'phoid fexer spread 53- the eating of con- 

5 Unpublished experunents m the author s laboratory. ha\ e shown that the mgested 
virus of pohomiehtis (SK strain) can sumie mthin (cedes mosquitoes for a 

period of at least two hours V\e hate been unsuccesilul in carrimg out satisfactorv 
expenments to determine the ultimate time which the, strain ot virus can sum\ c m this 
particular speaes 
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taminated shell fish, or in dysentery in the case of contaminated milk 
or flies In pohomyehtis there is ample opportunity for many extra- 
human agencies to come in contact -with the virus dunng epidemic 
tunes, considenng the enormous quantities of this virus which are 
occasionally found m sewage I do not have to add that no such hving 
vector has been demonstrated in nature, but an adequate search has 
not yet been made One hardly needs to be reminded of the similanty 
of the discussions which took place over the epidemiology of typhoid 
fever or of yellow fever m past years About 100 years ago arguments 
were frequent and bitter as to whether or not these last two diseases 
were contagious In both of them strong extra-human factors were 
eventually discovered which were important m them spread and it was 
obviously a missing link (the unknown extra-human factor) which 
was responsible for the ongmal differences in opmion about contagious- 
ness Consequently one can at least say that historically, the case 
for an extra-human host or vehicle in pohomyehtis is good, although 
there is no mdication as yet, whether this host or vehicle is either 
animal, vegetable, or mmeral 
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